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INTRODUCTION 
The soybean (Glycine max (L.) Merrill) recently has re­
ceived attention for its potential as a source of high quality, 
inexpensive protein for human diets in tropical and subtropical 
areas of the world. Although the species has a long history of 
cultivation in temperate zones, little is known about soybean 
production technology for the tropics. 
Grain yield is the trait of primary consideration for soy­
bean breeders in the tropics. Based on research in the temper­
ate zones, yield is quantitatively inherited, subject to large 
genotype x environmental interactions, and characterized by 
low heritability percentages. Yield is difficult to evaluate 
in tropical Glycine accessions because the plants often are 
viny and prostrate, and seed pods frequently shatter before the 
plants mature. Consequently, I studied the gene action, 
heritability, and associations of secondary traits that may be 
more stable, easily evaluated and, if shown to be sufficiently 
associated with yield, used in early-generation selection of 
materials for recurrent selection programs, backcross programs, 
or for improving resource allocation efficiencies with respect 
to improving seed yield. 
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BACKGROUND FOR STUDY 
Temperate zone varieties of soybeans, when grown in certain 
tropical environments, flower and mature earlier, develop less 
vegetative growth, and often produce low seed yields. In a 
limited group of temperate zone varieties, some association was 
observed between the maturity group classification used in 
North America and days to flowering and to maturity at Palmira, 
Colombia (Table 1). Durations of vegetative and reproductive 
periods for soybean varieties from southern and northern USA, 
when each was gi'own in its respective area of adaptation and 
at Palmira, Colombia, are shown in Table 2. The southern 
variety, Hardee, when planted in Mississippi (33°N latitude) 
flowered and matured in 63 and 1^ 7 days, respectively, and 
Harosoy, grown at Ames, Iowa (42°N latitude) flowered and 
matured in 5I and II3 days, respectively. At Palmira (3°N 
latitude), these varieties flowered in less than half the time 
required in their temperate areas of adaptation, and reproduc­
tive periods were shortened, also. Plant heights (Table 1) are 
shorter than those (80 to 120 cm) of soybeans grown in the Mid­
western USA, a fact that suggests a need for a sowing pattern 
with high plant density and close spacing between rows. With 
no competition from weeds, ;hese varieties have produced well 
in solid seeding. In the Cauca Valley of Colombia, where 60,000 
to 70,000 hectares of soybeans are grown each year, weeds are a 
problem, so wheel-rows are spaced wider than is optimum to 
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Table 1. Durations of vegetative, reproductive, and total 
growth periods and plant height of temperate zone 
soybean varieties when grown at Palmira, Colombia 
(3 N latitude and 1000 meters elevation)^  
Variety 
Maturity 
group 
Emergence 
to bloom 
(days) 
Emergence 
to 
maturity 
(days) 
Bloom to 
maturity 
(days) 
Plant 
height 
(cm) 
Hark I 21 73 52 38 
Harosoy 63 II 22 72 52 38 
Adelphia III 24 84 60 36 
Clark 63 IV 24 79 55 42 
Hill V 29 86 57 35 
Davis VI 29 95 66 34 
Semmes VII 29 89 60 32 
Hardee VIII 31 91 60 35 
Improved 
Pelican VIII 30 87 57 78 
Jupiter IX 34 99 65 75 
A^dapted from Camacho (1974). 
permit mechanical cultivation. This planting arrangement pro­
duces a soybean canopy that does not intercept a maximum amount 
of sunlight. Camacho (197^ ) suggested that taller plants would 
produce higher seed yields in tropical latitudes. Theoretically, 
soybean plants with delayed time to flowering would grow taller 
and develop more leaf area than those that flower early and, 
consequently, would provide greater interception of sunlight. 
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Table 2. Durations of vegetative and reproductive periods of 
growth of two soybean varieties in tropical and tem­
perate environments 
Palmira, Stoneville ,. Ames, 
Variety Colombia Miss., USA D Iowa, USA 
Emergence to bloom (days) 
Hardee 31 63 -
Harosoy 22 - 51 
Bloom to maturity (days) 
Hardee 60 84 -
Harosoy 50 — 62 
A^dapted from Camacho (1974). 
P^lanted June 20 (Hartwig, 1970). 
P^lanted May 16 (Hanway and Weber, 1971). 
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REVIEW OF LITERATURE 
Inheritance Patterns 
Growth habit 
Woodworth (1923) obtained two plant types in the progeny 
of a single soybean plant: (a) indeterminate plants, called 
"Type I", which were large and late maturing with many nodes 
on the main stem; and (b) determinate plants, called "Type II", 
which were small, compact, early maturing, and possessed rela­
tively few nodes. Nagata (1960a) noted that determinate and 
indeterminate growth habit could not be based on the presence 
or absence of a terminal raceme. Presence of a raceme at the 
apex of the plant was affected by the environment, as it often 
appeared on early-seeded plants. 
Determinate varieties of soybeans complete most of their 
vegetative growth before flowering (Hartwig, 1973) and are char­
acterized by short flowering periods (Nagata, 1960c), whereas 
indeterminate varieties increase in height and produce new leaf 
primordia after flowering has begun (Nagata, I967), These ex­
tremes are easy to distinguish; however, there is an intermedi­
ate type of growth habit that is difficult to classify. Such 
plants, i.e., neither determinate nor indeterminate, have been 
variously described as "half-indeterminate" (Thseng et al., 
1971), "semi-indeterminate" (Thseng and Hosokawa, 1972a), and 
"semi-determinate" (Bernard, 1972). 
Nearly all introductions from northeastern China 
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(Manchuria) and Siberia are indeterminate (Nagata, I96I; 
Hartwig, 1973)1 whereas introductions from Korea, Japan, and 
the remainder of China are determinate. Varieties in North 
America follow a similar distribution, with groups 00-IV (grown 
in southern Canada and northern USA) being indeterminate and 
groups V-X (grown in southern USA and northern Mexico) being 
determinate. Some indeterminate varieties (e.g.. Improved 
Pelican) that were previously grown in the South are no longer 
grown there (Hartwig, 1973). 
Nagata (1960a) suggested that growth habit classification 
for soybeans should be based on increase in number of nodes on 
the main stem after initiation of flower primordia, and Thseng 
and Hosokawa (1972a) and Thseng (1974) classified growth habit 
on the basis of the number of nodes a plant possessed at 
flowering and the node increment following flowering. Thseng 
and Hosokawa (1972a) published the following formula for growth 
habit classification of soybeans; 
DGH (degree of growth habit) = ^  + -q x 100 
where: 
A = increase of node number on the main stem after 
flowering, and 
B = node number on main stem at flowering^  
According to this formula, determinates = Ofo DGH, semi-
N^ote* An error was made in Thseng and Hosokawa's 1972a 
paper, but it was corrected in Thseng's 1974 paper. 
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determinates = O-50# DGH, and indeterminates = >50f DGH. 
Woodworth (1923) observed that plants with the indeter­
minate growth habit flowered and matured 12 days later, grew 
21 centimeters taller, and possessed four more nodes than 
plants with determinate growth. Further, he observed a segre­
gation ratio of three indeterminate to one determinate, with 
all determinate plants being homozygous and indeterminate 
plants being both heterozygous and homozygous. 
Bernard (1972) reported two genes (dt^  and Dt^  ) condi­
tioned stem termination. In varieties "Harosoy" and "Clark", 
dt^  and Dtp reduced plant height and 12-15^ , respective­
ly. Nagata (1960a) made reciprocal crosses between the deter­
minate and indeterminate types and found no evidence for 
plasmagene effects. 
Using node number increase after onset of flowering as the 
criterion for classification of growth habit, Thseng (197^ ) ob­
served a trigenic inheritance pattern. Two loci controlled 
expression of node increments and the third conditioned expres­
sion of degree of growth habit. 
Arora and Chandra (1971) compared determinacy and indeter­
minacy produced by (a) chemical induction of determinacy with 
TIBA (tri-iodobenzoic acid) in two indeterminate variet'es 
(Clark and Harosoy) and (b) backcrossing determinacy genes into 
the same varieties. Chemical and genetic induction of deter­
minacy resulted in reduced plant height and yield and equal or 
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reduced number of days to maturity. 
Kawahara (I963) studied inheritance of growth habits in the 
1^* 2^' 3^ crosses between 40 varieties and in two 
interspecific crosses, and generally observed a 12 indetermin­
ate to 3 semi-determinate to 1 determinate segregation ratio. 
Some crosses gave 3 indeterminate to 1 determinate. 
Flowering 
Soybeans flower and fruit only after the length of the 
diurnal dark period falls within certain limits; consequently, 
photoperiod and temperature determine the geographical distri­
bution and maturity classification of varieties. Some varieties 
in 00, 0 and I maturity groups, however, will flower under 
photoperiods of 24 hours (Criswell and Hume, 1972). Current 
research on flowering date (Summerfield, 1975; Thomas and 
Raper, 1975) is directed toward elucidating the roles of both 
photoperiod and day and night temperatures before and after 
flowering. 
With the exception of the "tropical" varieties mentioned 
by Nagata (1960a), photoperiod is no obstacle to flowering and 
reproduction of tropically grown soybeans. Leakey and Rubaihayo 
(1970) wrote that tropically adapted soybeans must produce suf­
ficient growth and leaf area prior to flowering so that adequate 
fruiting can take place before seasonal rains end, and with 
harvesting taking place during a dry period. 
At equatorial latitudes, effective daylengths are approxi­
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mately 12.5 hours (Francis, 1972) throughout the year. This 
daylength will not inhibit flowering of most soybean varities, 
but flowering will occur only after plants have completed the 
juvenile stage of growth (Leakey and Rubaihayo, 1970). Varie­
ties from southern USA can flower as soon as their daylength 
requirement has been satisfied by the short photoperiods that 
occur after the summer solstice. Their determinacy appears to 
be associated with a reduced juvenile growth period during which 
flowering cannot occur. It is this latter characteristic » and 
not photoperiod sensitivity per se, that makes varieties from 
the southern USA generally unadapted to equatorial environments 
(Leakey and Rubaihayo, 1970). 
Bernard (1971) reported two genes that affect length of 
time to flowering and maturity in soybeans. Gene in Clark 
variety (normally e^ ) caused a 23- and 18-day delay in flowering 
and maturity, respectively. Gene e^  caused Clark to flower 
and mature 7 and 14 days earlier, respectively, than normal 
Clark. and e_2 interacted additively. 
Buzzell (1971) reported that the dominant E^  allele gave a 
sensitive response to fluorescent light that caused delayed 
flowering and later maturity, whereas the recessive allele 
gave an insensitive response and a resultant earlier maturity. 
Thseng and Hosokawa (1972c) evaluated progeny of a cross be­
tween determinate and indeterminate soybean varieties and 
concluded that two genes influenced flowering date. 
Thseng et al.(1971) studied the mode of inheritance for 
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several agronomic characters (plant height, node number on main 
stem, seed weight, node increase after flowering, etc.) in 
early segregating generations from four crosses between inde­
terminate and determinate varieties and found that none was 
monogenic in inheritance. Only days to flower approached a 
qualitative inheritance pattern. Lee et al. (197^ ) found 
monogenic segregation in one of five crosses with earliness 
being dominant. The other crosses gave normal distributions 
with most segregates at or near the mean. 
Maturity 
Correct maturity of soybean varieties can be quite impor­
tant. Johnson and Bernard (I963) point out the effect of 
latitude (daylength) on varieties, stating that those grown 
north of their areas of adaptation mature later than normal. 
Varieties grown south of their areas of adaptation mature early, 
are short, and produce low seed yields. 
The two genes, and eg, described by Bernard (1971) and 
the fluorescent-insensitive gene, e^ , described by Buzzell 
(1971) affect both date of maturity and flowering. 
Plant height 
Dwarf mutants, such as those reported by Porter and Weiss 
(1948), Byth and Weber (I969)» and Fehr (1972), are simply in­
herited and will not be reviewed herein. 
Woodworth (1923) reported the progeny of a single plant 
segregated into two classes: (a) a short, early type which 
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did not segregate further, apparently conditioned by a reces­
sive allele; and (b) a tall class, some of which continued to 
segregate. Woodworth's (1923) observations may be categorized 
under growth habit. The Dt ^  stem termination gene reported 
by Bernard (1972), the E^ e^  and E^ egflowering genes reported 
by Bernard (1971), the E^ e^  gene reported by Buzzell (1971), 
and possibly the ^  £e gene reported by VanSchaik and Probst 
(1958) all influence plant heights. 
Johnson and Bernard (I962) reported that maturity, growth 
habit, and possibly, type of inflorescence may affect ultimate 
plant height. 
Node number on main stem 
Caviness and Prongsirivathana (I968) evaluated the and 
Fg from one cross and found that a single major gene conditioned 
node number of the main stem. They observed a 3:1 ratio in the 
2^ and a 1:1 ratio in backcrosses to the parent with low node 
number. Thseng (1974) studied node number for the F^ . Fg, and 
F^  from three crosses and observed a continuous frequency dis­
tribution with no transgressive segregation. Means approxi­
mated midparent values, which suggested polygenic control. For 
the trait "increase in nodes after flowering", Thseng (1974) 
observed a 15*1 ratio for increase vs. no increase. 
12 
Seed weight 
The range of 100-seed weights within Glycine max is ^ -55 
grams. Seed weights for commercial varieties grown in the 
United States range from 12-18 grams, whereas samples of the 
wild soybean, Glycine soja Sieb. et Zucc. (Verdcourt, 1970) 
(syn. Glycine ussuriensis Regel et Kaack), range from 1.2 to 
1.8 grams per 100 seeds (Hartwig, 1973). 
Gene Action 
Total variance of an attribute in a segregating population 
of plants is composed of* (1) a heritable portion, (2) an en­
vironmental portion, and (3) a portion due to interaction of 
the genotype and environment. The heritable portion can be 
partitioned into: (1) additive genetic variance (2) dominance 
variance, and (3) epistatic variance (Hartley and Weber, 1952). 
Amount and type of gene action controlling a trait at various 
levels of selfing have certain implications for selection phases 
of a soybean breeding program. For pure line varieties (e.g., 
soybeans), only additive and additive epistatic gene effects are 
important sources of genetic variance (Hanson and Weber, 1962). 
Johnson and Bernard (I962) stated that the performance of 
hybrids, relative to that of their parents, provides the first 
opportunity to obtain information on gene action. The diver­
gence of an F]^  from the midparent value is due to nonadditive 
gene action. 
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Growth habit 
Thseng and Hosokawa (1972b) studied Fg populations from 
three crosses and reported partial dominance for all traits re­
lated to growth habit (e.g., height, stem node number, and 
maturity). Kawahara (I963) found viny growth habit was domi­
nant to nonviny in two inter- and 40 intraspecific crosses. 
For increase in node number after first flower, Thseng et al. 
(1971) obtained normal distributions in the Fg populations from 
four crosses between determinate and indeterminate varieties. 
Flowering 
Hanson and Weber (I962) and Croissant and Torrie (1971) 
used a hierarchical arrangement of generations from Fg to Fr, 
(one cross) and observed that additive genetic variance ac­
counted for nearly all the genotypic variance for flowering 
date. Weber and Moorthy (1952), Tang and Tai (1962), Thseng 
and Hosokawa (1972c) and Lee et al. (1974) found additive 
genetic variance to be the major source of genotypic variance, 
but they noted the presence of some dominance. Weber and 
Moorthy (1952) and Lee et al. (1974) found that early flowering 
was partially dominant to late flowering. Leffel and Weiss 
(1958), Tang and Li (1963) and Thseng et al. (I97I) reported 
dominance for flowering response, with lateness being dominant 
in the latter two studies. Lee et al. (197^ ) found inheritance 
of flowering to be monogenic in one cross with early flowering 
dominant to late. Thseng and Hosokawa (1972c), studying gene 
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action in a cross between determinate and indeterminate varie­
ties, concluded that additive gene action was more important 
than dominance; however, additive, dominance, and epistatic 
gene action all were detected. 
Maturity 
Most evidence suggests that maturity is primarily a func­
tion of additive gene action (Weber, 1950; Mahmud and Kramer, 
1951» Homer and Weber, 1956; Leffel and Weiss, 1958; Gates 
et al., I96O; Hanson and Weber, 1962; Weber et al., 1970; 
Bernard, 1971; Croissant and Torrie, 1971; Thseng and Hosokawa, 
1972b; and Lee et al., 1974), but Hanson et al. (I967) reported 
that half of the total genotypic variance was due to epistasis. 
Kalton (1948), Tang and Li (I963), and Thseng and Hosokawa 
(1972c) all reported some degree of dominance for lateness. 
Singh and Anderson (1949) found that maturity was controlled 
by a few major and several minor genes that displayed partial 
dominance. Owen (1927) observed earliness to be dominant. 
Plant height at maturity 
Evidence supports the presence of both dominance and addi­
tive gene action for plant height. Several reports (Kalton, 
1948; Leffel and Weiss, 1958; Nagata, 1960a; Brim and Cockerham, 
196I; Tang and Tai, 1962; Caviness and Prongsirivathana, I968; 
and Weber et al., 1970) indicated that dominance was the most 
important type of gene action, with tall dominant to short. 
Mahmud and Kramer (1951), Thseng et al. (I971), and 
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Croissant and Torrie (1971) showed that additive gene action 
comprised most of the genotypic variance for plant height. 
Weber and Moorthy (1952) found transgressive segregation in 
both directions, but the population mean approximated the mid-
parent value. 
Node number on main stem at maturity 
Transgressive segregation for node number on main stem was 
reported by Thseng et al. (1971). Later, Thseng (197^ ) reported 
normal distributions for Fg's from crosses between five deter­
minate and indeterminate varieties. 
Tang and Tai (1962) and Caviness and Prongsirivathana 
(1968), studying crosses among commercial varieties and an 
interspecific cross of G. max and G. formosana^ . found apprecia­
ble dominance for high node number. Tang and Tai (I962) re­
ported the progeny mean for node number approached the mid-
parent value upon inbreeding, indicating dominance was a factor 
in the early generations. 
Seed weight 
The additive component of genotypic variance was most im­
portant in inheritance studies of seed weight conducted by 
Weber (I950), Leffel and Weiss (1958), Hanson and Weber (I962), 
Tang and Li (I963) and Croissant and Torrie (1971). Williams 
T^ang and Lin (1962) report G. soja and G. formosana are 
different ecotypes of one species. 
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(1948) and Weber (1950) found inheritance of seed weight to be 
multiplicative. Williams evaluated 4000 Fg plants from 15 in­
terspecific crosses and observed that neither the large size of 
the domestic parent nor the small size of the wild parent was 
recovered. Weber (1950) evaluated 1628 Fg's and observed that 
the Fg segregate with the largest seed was a little over half 
the size of the large parent. 
Length of reproductive period 
Weber and Moorthy (1952) and Croissant and Torrie (1971) 
reported additive gene action was responsible for the nonnal Fg 
distributions observed. Tang and Li (1963) found large domi­
nance effects in the Fg's and F^ 's of an interspecific cross 
between G. max and G. formosana. 
Heritability 
Each trait of a plant is the result of the interaction of 
genes and environment. Heritability is a quantitative descrip­
tion of the amount of the total variation that is hereditary 
(Graybill et al., 1956). 
Heritability can be estimated by three computation methods* 
(1) components of variance, (2) regression, and (3) realized. 
Fisher (1918) first proposed the concept of variance partition­
ing, whereby data from replicated trials can be used to esti­
mate variances due to genetic and nongenetic causes. Regression 
provides a quantitative estimate of the resemblance between 
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parent and offspring via the least squares procedure (Kempthome 
and Tandon, 1953)* Realized heritability is the ratio of the 
superiority of genotypes selected in one generation to the 
superiority of their progeny in the following generation (Frey 
and Horner, 1955). 
A review of the sources of estimates, methods of estimation 
and selection units used for heritability estimates reveals a 
considerable range of heritability values among and within pub­
lished reports (Bartley and Weber, 1952; Hanson and Weber, 1962; 
Anand and Torrie, 1963; Lu et al., 1967b; and Caviness, I969) 
for various traits. However, some general trends are apparent: 
(1) variance component methods usually result in the highest 
estimates, particularly in the Fg (Caviness, I969, and Thseng 
and Hosokawa, 1971); (2) higher heritabilities have been ob­
served for time to flower, time to maturity, and height at 
maturity than for seed weight (Johnson and Bernard, 1962; 
Thseng et al., 1971; and Martin and Wilcox, 1973); and (3) non-
standardized regression estimates may give unusually low or 
high (over 100#) values. 
Few researchers have compared estimates of predicted gain 
from selection with actual gain. Frey and Horner (1955)» work­
ing with barley, found that actual and predicted gains (based 
on Fj^ _ and F^ ) from selection were similar. 
Rosielle and Frey (1975a, 1975b)» using a population of 
Fg-derived oat lines, found that variance component heritability 
estimates for harvest index showed "almost perfect" agreement 
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with realized heritability values. Agreement between realized 
and standard-unit heritability values was quite good when a 
lOfo selection intensity was used. Geadelmann and Prey (1975) 
compared predicted gain from selection with realized gain for 
six traits in a population of 1500 oat lines, and actual gain 
varied from 15-83^  of predicted advance. Frey and Horner 
(1957) demonstrated that for date of heading in oats the 
standard-unit regression was more accurate than the convention­
al regression method for estimating heritability percentage. 
Associations Among Traits 
Three frequently cited and correlated traits (i.e., 
maturity, yield and height) were analyzed via partial correla­
tions by Kalton (1948). All simple correlations among time of 
maturity, yield, and height of Fg plants were positive and high­
ly significant. With height held constant, partial correlations 
for time of maturity with yield were considerably lower than 
simple ones in eight of twelve cases. When height and yield 
were correlated with maturity held constant, seven of twelve 
partial correlations were considerably lower than the corre­
sponding simple ones. Kalton (1948) noted that the strong 
positive association between maturity and height emphasized the 
difficulty of getting tall, early segregates from these 
populations. 
Johnson et al. (1955b) computed all possible genotypic 
and phenotypic correlations between pairs of 24 traits in the 
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F/j, generations from two soybean populations and found high 
yield to be highly correlated with a long period from beginning 
flowering to maturity, late maturity, and high seed weight. 
They predicted that selection based on time of maturity or seed 
weight would be 50/^  as effective in yield improvement as selec­
tion for yield per se. Similarly, genotypic and phenotypic 
correlations reported by Anand and Torrie (I963) suggested high 
seed yield was associated with tallness and late maturity. 
Weiss et al. (19^ 7) reported that, regardless of season, 
replicated progeny tests of Fg and soybean plants provided 
reliable prediction values for dates of maturity and plant 
height. Hanson and Weber (1962) found selection on an Pg plant 
basis for maturity, height, and seed weight to be equivalent to 
selection for seed yield in the F^ . Also, correlations of 
traits in the were higher than their counterparts in the 
F2, and genotypic were higher than phenotypic correlations 
(Tang and Tai, 1962). These workers found high positive corre­
lations between beginning flowering and maturity date, plant 
height and number of nodes on main stem, and high negative 
correlations between beginning flowering and period from 
beginning flowering to maturity. 
Tang and Li (I963) reported high genotypic, moderate pheno­
typic, and low environmental correlations among traits in the 
Fg and F^  of an interspecific cross. Time of beginning flower­
ing was significantly correlated with time of maturity in both 
generations, time of beginning flowering and length of 
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reproductive period were significant and negatively correlated 
in the F^ , and time of maturity was highly correlated with 
length of reproductive period. Gotoh (1963) found positive 
genotypic and phenotypic correlations between seed weight and 
yield, whereas Tai (1964) reported low positive genotypic and 
phenotypic correlations between these traits. 
Byth et al. (I969) obtained phenotypic and genotypic corre­
lations among traits for and Fy lines in three environments. 
Magnitude and direction of correlations for various traits with 
yield varied with environments, a phenomenon largely related to 
moisture stress. Correlations for seed weight with yield ranged 
from high positive values in favorable environments to small 
negative ones under moisture stress. 
High positive genotypic and phenotypic correlations were 
obtained among all growth traits studied in an Fg population of 
soybeans (Thseng and Hosokawa, 1971). Likewise, Thseng and 
Hosokawa (1972b) studied genotypic and phenotypic correlations 
between 17 pairs of traits and found high correlations. 
Lu et al. (1967b) calculated genotypic and phenotypic 
correlations from data collected from F2 plants seeded February 
1, February 21 and July I5. Plant height was positively corre­
lated with plant weight and yield at all three dates of planting. 
Four papers (Nagata, 1960b; Lu et al., 1967a; Kaw and 
Menon, 1972; and Rubaihayo, 1973) report correlations for traits 
from studies of pure line varieties. Nagata (1960b), studying 
18 varieties grown at two locations, found that yield was 
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positively correlated with days to maturity, nodes on stem and 
stem length, and was negatively correlated with seed weight. 
Partial correlations also showed seed weight and yield were 
negatively correlated. 
Lu et al. (1967a) calculated within variety correlations 
among various traits, using three "summer-type" and six "spring-
type" varieties at 18 seeding dates that spanned 12 months at 
24°N latitude. They observed a highly significant positive 
correlation between plant height and yield but no significant 
correlation between maturity and yield for the "summer types". 
For the "spring types", a highly significant positive correla­
tion between yield and height and a highly significant negative 
correlation between days to maturity and yield were obtained. 
Significant positive phenotypic correlations between yield 
and plant height, yield and days to beginning flowering, time of 
maturity and plant height, time of maturity and days to begin­
ning flowering, and days to flowering and plant height were ob­
served with seven varieties by Kaw and Menon (1972). Also, 
negative values for flowering date and seed weight, plus plant 
height and seed weight were found. 
Rubaihayo (1973) pooled the effects of three row spacings 
for three varieties planted at three dates and studied correla­
tions among a series of factors that affect yield plus plant 
height. He observed a significant correlation for seed weight 
and yield, but no correlation between yield and plant height. 
Johnson et al. (1955a) suggested that if there were strong 
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negative genotypic correlations between yield and one or more 
index traits, selection for the index trait in early genera­
tions would result in discarding some of the high yielding 
genotypes. If, however, no negative genotypic correlations 
existed, a breeding procedure utilizing intensive selection for 
index traits in early generations would be warranted. 
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MTERIALS AND METHODS 
Genetic Material 
Two cultivated varieties of soybeans, Glycine max (L. ) 
Merrill, and two plant introductions, one from Glycine max and 
one from Glycine so.ia Sieb. et Zucc. (syn. G. ussuriensis Regel 
et Maack) were used in my study. The cultivated varieties, 
Hill and Hardee, were selected from maturity groups V and VIII, 
respectively. Plant Introduction (PI) 227687 is a G. max from 
the Ryukyu Islands and PI 2^ 5331 is a G. so.ia from Taiwan. 
The materials used in my experiments were the parent varie­
ties and the Fg, F^ , and F^  ^ from Hardee x PI 227687, an intra-
specific cross, and Hill x PI 245331, an interspecific cross 
(provided by Dr. Edgar Hartwig of the Delta Branch Research 
Station, Stoneville, Mississippi). 
My study was conducted at the International Center 
for Tropical Agriculture (CIAT), Colombia, South America, lo­
cated 3°N latitude and 1000 m above sea level. Climatic data 
for this station are presented in Appendix Figures 1 and 2. 
Experimental Procedures 
The study included the Fg, F^ , and F^  ^of the two crosses 
and the parent varieties. The first experiment, planted on June 
4, 1971» consisted of F2 plants grown 10 cm apart in rows 3 m 
long. One row of each parent, sown similarly, was grown among 
the progeny rows at random. I used furrow irrigation plots, 
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with two rows per preformed bed. The beds measured 140 cm from 
center to center, and rows on the beds were 60 cm apart. All 
plots were bordered by soybeans, and plants were sprayed with 
insecticide (malathion, methyl parathion or EPN) once a week. 
Soybean seeds were treated with Arasan and planted with 
Heptachlor in the seed furrow. Furrow irrigation was applied 
as needed. Data were recorded on all Fg and parental plants. 
The second experiment consisted of F^  lines and parent 
varieties planted on October 25, 1971 « in furrow irrigation 
plots. Rows were 3 m long, and seeds were spaced 10 cm apart. 
The experimental design was a randomized complete block with 
two replicates. Four rows of maize were planted outside the 
soybean border plots and were treated with Furadan, a systemic 
insecticide, to form a barrier to insect movement from sur­
rounding areas into the soybean plots. Irrigation and insecti­
cide applications were made as needed. Data were recorded on 
six competitive plants chosen at random in a plot. These 
plants were tagged with paraffin-dipped tags during the seed­
ling stage. 
For the third experiment, two of the 12 plants used for 
evaluation in each F^  line from each cross were chosen at 
random, from either or both replications, to provide two F/j^  
lines per F^  family (Table 3). 
The F^  generation was planted on April 13, 1972, employing 
the same experimental procedures, design, and measurement 
methods as used for the F^ 's. Because the F^ ,^ seeds germinated 
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Table 3* Hierarchical structure showing line relationships 
used in data analyses^  
Season Population Structure 
2^ 1 2^ 
1 1 
c 
|n 
197I11 
1972; 
3^ 
4^ 
1 1 
Bi 2^ 
/ \ / \ 
Ci Cg Cg .. 
1 
n^ 
/ \ 
Gn 
A^dapted from Horner and Weber (1956). 
and II refer to first and second seasons of the year. 
"^ n = number of lines in a cross (i.e. , I65 in Hardee x 
PI 227687 and 57 in Hill x PI 245331). 
poorly and emergence of seedlings was irregular, seeds of 
Davis, an easily recognized variety, were planted in gaps 
created by missing plants in both the progeny and parent rows. 
The replanting was completed six days after the original 
planting date. 
Collection of data 
I recorded data (on an individual plant basis) for the 
following traits on progeny and parent plants* 
Emergence (EM)—date when cotyledons emerged from soil 
Beginning Bloom (BB)—date when first open flower appeared 
on the plant. 
Height at Beginning Bloom (HBB)—length of stem (cm) at 
date of beginning bloom. 
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Nodes at Beginning Bloom (NBB)—number of nodes on main 
stem at date of beginning bloom. 
Physiological Maturity (PM)—date when 50fo of the pods 
were no longer green. 
Height at Physiological Maturity (HHO — length of stem 
(cm) at physiological maturity. 
Nodes at Physiological Maturity (NPT^ )—number of nodes on 
main stem at physiological maturity. 
Seed Weight (SWT)—weight (to 0.01 g) of 100 seeds. 
(Damaged and/or diseased seeds were not included.) 
Data for five other traits were calculated as follows: 
Days Vegetative (DV)—days from emergence to beginning 
bloom. 
Days to Physiological Maturity (DPM)—days from emergence 
to physiological maturity. 
Reproductive Period (RPR)—days from beginning bloom to 
physiological maturity. 
Node Increase after Beginning Bloom (NIR)—nodes on main 
stem at maturity minus nodes on main stem at beginning 
bloom. 
Height Increase after Beginning Bloom (HINR)—height at 
physiological maturity (cm) minus height at beginning 
bloom (cm). 
Statistical Procedures 
Missing plots 
Some plants in the Fg were lost to hail, and in all three 
generations plants were lost because of insect damage. Our 
constant presence in the plots allowed us to detect and control 
most of the foliage insects; however, some plant apices were 
destroyed by stem borers. Consequently, accurate measurement 
of height and node number for damaged plants was impossible. 
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These plants were not included in the data analysis. 
Plants of the parents, progeny, and commercial border 
rows frequently showed virus-like symptoms with resultant 
abnormal growth and development. These plants were lost for 
data collection, also. Virus diseases are common in the vege­
tation of the Cauca Valley (N. Vakili, Mayaguez. Puerto Rico, 
personal communication, 1972). 
As a consequence of plants being lost to hail in the first 
season, birds in the second and third seasons, poor germination 
in the third season, and insects and diseases in all three sea­
sons, plots of many lines contained fewer than the desired six 
competitive plants. To maintain a balanced analysis, I reduced 
the number of plants measured per line in each replicate from 
six to four by randomly discarding data cards from replicated 
progeny lines that had more than four. The number of Fg plants 
and F^ -derived lines were 165 for Hardee x PI 227687 and 57 for 
Hill X PI 245331 and, consistent with the hierarchical arrange­
ment (Table 3)» the F^ -derived lines were 330 and 114 for the 
respective crosses. 
Asymmetry of distributions 
I used a simple indicator of asymmetry (Meyer and Enfield, 
1975)t which consisted of observing the frequency of individual 
measurements that were more than two standard deviations above 
or below the mean. An excess of measurements in either direc­
tion was an indication of asymmetry. 
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Analyses of variance and covariance 
I computed the analyses of variance and covariance by 
following procedures for a randomized complete block design 
with genotypes (lines) considered as random effects, (note 
that and lines used the same randomization. ) Tables 4 
and 5 present the formats for my analyses of variance. Since 
the estimates of the components of variance were calculated 
from linear functions of independent mean squares, standard 
errors were calculated for the estimates of the components of 
variance by using the following relation* 
9 Msf 1 
Standard error (o\) = (—g 2 ^ f. + Z' (D 
Ci i 
p 
where oT, MS^ , df^ , and C are the appropriate components of 
variance, estimated mean squares, degrees of freedom, and 
constants (Tables 4 and 5). 
Genotypic variances and covariances were estimated from 
sample variance and covariance components, according to the 
method of Homer and Weber (195°)» for ten traits. The vari­
ances and COvariances were evaluated against three models for 
goodness of fit: (a) additive model, (b) additive model with 
dominance, and (c) additive model with dominance and additive 
by additive epistasis. 
I used the hierarchical structure shown in Table 3 to ob­
tain the appropriate relationship among lines in the successive 
generations. The three generations in the study provide three 
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Table 4-. Format for analysis of Fo data and expected mean 
squares for lines generated from an Fg population 
Source Degrees of freedom Expected mean squares 
Replication r - 1 /\2 S^E + 4^ 2 + 
Lines 1 - 1  Q>
 
+ < + 
Error (r - 1)(1 - 1) a2 S^E + 4 
Sampling error (r)(l)(i - 1) S^E 
Corrected total rli - i 
variances and three covariances. Because each generation was 
grown in a different season, there may have been a bias due 
to season x genotype within the variance estimates, but not 
within the covariances= 
I used the terminology and symbolism proposed by Homer 
and Weber (1956) for the genetic design employed in this study; 
i.e., Cov(k;n,n') is the genotypic covariance of progenies in 
generation n with their counterparts in generation n', where 
both trace to a common origin in generation k. For example, 
Cov(2;3,4) is the genotypic covariance of progenies in the 
F^  with those in the F^  generation, where both trace to a 
common F^  ^ plant. Further, Cov(2;4,4) would be the F^  variance 
among F2 families of lines, and Gov(3;4,4)-Cov(2;4,4) is the 
variance among F^  lines within F^  families of lines. 
30 
Table 5- Format for analysis of Fj^  data and expected mean 
squares for lines generated from an F2 population 
with dichotomy in Fj 
Source Degrees of freedom Expected mean squares 
Replication r - 1 S^E + "4 + ii3| 
Lines^  1 - 1  -2 S^E + < + 
Among a - 1 -2 S^E + + 8a^ + I6al 
Within a(w - 1) S^E + 4 + s4 
Error (r - 1)(1 - 1) S^E 
Sampling 
error rl(i - 1) L2 S^E 
Corrected 
total rli - 1 
Lines are F^ -derived; among, F^ -derived. 
An illustration of the derivation of covariances and vari­
ance components provided by Homer and Weber (1956) is included 
herein. For this example, it is assumed that the sample co-
variances are linear functions of Cov(k;n,n'). 
If represents a sample covariance, then = 
Cov(k;n,n') plus an error. If we assume two alleles per locus, 
gene frequencies of p = q = 0.5, and no linkage, an additive 
model with dominance and additive x additive epistasis can be 
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written as follows: 
Cov(k;n,n' ) = 
Lett 
A2 /\,2 2^ 
9l = fA ' *2 = ' 3^ = A^A 
X - - 1 X - 2^ "^  - 1 X - (2*^ 1 - 1)2 
1^ " 2%-% ' 2 ~ gn+n' - 4 ' 3^  ^  ^
and the model for the sample covariance becomes: 
Yi = + &2%2 3^^ 3 error. (2) 
Values for X^ , X2, and X^  (Table 6) were supplied by 
Homer and Weber (1956). and 3^ , gg' 3^ can be estimated 
by least squares procedure. 
The sequential F-test (Draper and Smith, 1966) was used 
to test the effect of the additional contribution of dominance 
to the additive model and the additional contribution of addi­
tive by additive epistasis to the additive plus dominance 
model. 
Heritability estimates 
I used three methods for estimating heritabilities for 
the ten traits. 
Variance component heritability Variance components 
were calculated in the and F^  ^for Fg-derived lines in the F^  
32 
Table 6. Coefficient matrix for additive, additive with 
dominance, and additive, dominance and additive x 
additive epistasis effects^  
Covariance 
Coefficient 
Xl %2 X3 
Cov(2;2,3) 1.00 0.50 1.00 
Cov(2;2,4) 1.00 0.25 1.00 
Cov(2;3,4) 1.00 0.13 1.00 
Cov(2;3,3) 1.00 0.25 1.00 
Cov{2;4,4) 1.00 0.06 1.00 
Cov(3;4,4) - Cov(2;4,4) 0.50 0.13 1.25 
A^dapted from Homer and Weber (1956). 
X2» and X3 are the design matrix coefficients of the 
general linear model equation 2. 
and F«- and F-a-dsrived lines in the F,., bv eauatine a-o-oropriate 
mean squares to their expectations. These variance components 
were used to get estimates of the genotypic variance, Gg, in 
the F^  and the among and the within components in the 
Heritabilities were calculated on a per line basis for the Fg-
derived lines in the F^  and the F^ -derived lines in the F^  ^ with 
the formula: 
02 
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where âg is the line variance component, is the experimental 
error component, is the sampling error component, r is the 
number of replications, and i is the number of plants sampled 
per plot. Another heritability estimate was calculated on the 
data which had been partitioned into among and within 
components * 
si 
 ^ r 
where is the among lines variance component, Og is the ex-
Ap 
perimental error component, is the within lines variance 
/\2 
component, is the sampling error component, r is the num­
ber of replications, p is the number of lines per Fg family, 
and i is the number of plants per plot. 
Parent-offspring regression If genotypic and environ­
mental effects are distributed independently, then, in self-
pollinated species, the regression of offspring on parent is 
an estimate of heritability (Fisher, 1918; Kempthome and 
Tandon, 1953)» Because seasons and generations are confounded, 
changes in scale due to seasonal differences may cause regres­
sion estimates to be biased. The standard unit method (Frey 
and Horner, 1957) compensates for changes in scale. Actually, 
standard unit heritability and simple correlation are synony­
mous. Both unstandardized (b) and standard unit (r) regres­
sions were calculated by regressing F^  ^line means on individual 
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parent plants and on line means and F^  line means on 
individual Fg parent plants. 
Realized heritability A method for calculating 
realized heritability was given by Rosielle and Frey (1975a): 
(^realized) = ~ 
where a- and a. are the phenotypic standard deviations of the J 
test and selection generations, respectively. Single plants 
were the selection units in the Fg, and means of the two ran­
dom plants per Fg line selected to continue the F^  ^were the 
selection units in the F^ . 
Direction and intensity of selection Calculations of 
realized heritabilities were made for upward and downward se­
lection at two selection intensities: 10^  and 25^ , 
Correlations among traits within generations 
Simple correlations were computed between traits measured 
on individual Fg plants in the usual manner (Snedecor and 
Cochran, 1971)' Phenotypic and genotypic correlations among 
the ten traits were calculated on Fg-derived lines in the F^  
and Fj[^  from the analyses of variance and covariance in the 
following manner: 
/\ 
p^hi2 
Phenotypic correlation (r_^ ) = — (6) 
 ^phi ' Ph2 
where i-s the phenotypic covariance between pairs of 
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2 2 traits and a . and g_V, are the phenotypic variances for 
P^ 2. P 2 
each trait, respectively; and 
A 
a. 
12 Genotypic correlation (r_) = (7) 
where a is the genotypic covariance between two traits, 
&12 
and and are the genotypic variances of the first and 
§1 §2 
second traits, respectively. 
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RESULTS 
The two populations used in this study provided favorable 
material for the study of quantitative inheritance "because the 
parents were widely divergent in most traits. Means and 
standard errors for ten traits in Fg, F^ , and F^  ^progenies 
of the two soybean crosses and their respective parents are 
presented in Table ?• The highest and lowest Fg-derived line 
means and the number of lines two or more standard deviations 
above and below the mean for the F^  and F^  ^ progenies are pre­
sented in Table 8 for the intraspecific cross, Hardee x 
PI 227687 (Cross I), and in Table 9 for the interspecific 
cross, Hill X PI 245331 (Cross II). Because of the poor 
emergence of PI 245331, the Glycine soja parent of Cross II, 
parent-progeny reference will be made only in Cross I. 
Trait Segregation 
Transgressive segregation occurred for all traits in the 
F^  and F^  ^of Cross I except for days vegetative (DV), length 
of reproductive period (RPR), and seed weight (SWT), Trans­
gressive segregation above the high parent occurred for nodes 
at beginning bloom (NBB), days to physiological maturity (DPM), 
and height at physiological maturity (HPM) in the F^ . For all 
other traits, transgressive segregation was bidirectional 
(Tables 7, 8 and 9)- For height at beginning bloom (HBB), the 
mean of the F^  exceeded the high parent. Progeny means were 
Table ?. Mean performances for ten traits measured on F2 plants and Fp-derived lines 
in the F^  and F^  of Hardee x PI 227687, Hill x PI 2^ 5331 and the parents 
Number Trait 
Population Plants Lines DV HBB NBB DPM HPM 
Hardee x PI 227687 
Season 1 
Hardee 
P2 
PI 227687 
14 
165 
14 
-
3I.U-O.2 
37.3*0.3 
48.9*0.3 
19.5*0.7 
37.3*0.8 
61.4*4.0 
7.4*0.3 
10.3*0.1 
13.6*0.4 
86.3*0.4 
87.4*0.3 
84.6*0.4 
35.6*1.2 
64.9*1.3 
89.1*5.1 
Season 2 
Hardee 
P3 
PI 227687 
96 
96 
165 
33.0:t0.2 
36.1:t0.1 
41.660.1 
19.5*0.4 
30.1*0.5 
27.4*0.5 
8.2*0.2 
10.0*0.1 
10.2*0.1 
88.0*0.3 
81.4*0.2 
74.0*0.1 
23.2*0.5 
52.0*1.1 
62.8*1.2 
Season 3 
Hardee 
PI 227687 
96 
96 
165 
27.5*0.1 
34.2*0.2 
40.0*0.2 
19.3*0.3 
28.9*0.5 
29.8*0.8 
9.8*0.1 
10.6*0.1 
10.9*0.1 
107.5*0.1 
106.2*0.2 
103.8*0.2 
25.9*0.5 
57.6*1.7 
98.6*2.3 
Hill X PI 245331 
Season 1 
Hill 
F2 
PI 245331 
10 
57 
1 
-
31.560.2 
43.0*1.0 
89 
18.9*0.4 
22.6*1.1 
56 
7.2*0.3 
13.7*0.4 
34 
94.2*0.7 
88.0*1.1 
123 
20.0*1.3 
73.9*4.1 
94 
Season 2 
Hill 
F3 
PI 245331 
96 
0 
57 
33.3*0.1 
43.6*0.6 
27.1*0.4 
35.3*1.4 
9.4*0.1 
12.3*0.2 
83.2*0.1 
80.1*0.4 
29.5*0.4 
67.3*2.4 
Season 3 
Hill 
Fi^ 
PI 245331 
96 
12 
57 
30.1*0.2 
39.5±O.5 
60.3*1.7 
27.3*0.4 
38.4*1.7 
85.7*6.2 
9.5*0.1 
12.2*0.2 
27.6*0.5 
105.5*0.2 
109.0*0.6 
100.8*1.7 
30.8*0.4 
75.2*3.6 
120.2*4.9 
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Table 8. Means, highest and lowesrb line mean values, and number of Fg-derived lines 
more than two standard deviations above and below the mean for ten traits 
in and of Hardee x PI 227687 
Trait 
Generation 
and 
statistic 
DV 
(days) 
HBB 
(cm) 
NBB 
(units) 
DPM 
(days) 
HPM 
(cm) 
NPM 
(units) 
RPR 
(days) 
HINR 
(cm) 
NIR 
(units) 
SWT 
(g/lOO 
seeds) 
X 36.1 30.1 10.0 81.4 52.0 14.6 45,3 21.9 4.6 12.743 
Range^  
Lowest 33.0 15.9 8.1 74.0 23,3 10,3 40.0 3.4 0.8 9.621 
Highest 40.0 50.8 12.1 92.0 94.3 19.5 52.1 48.6 8.8 17.088 
X - 2a 23 24 13 _b 32 30 13 34 20 32 
X + 2a 27 27 8 _b 31 29 17 24 16 29 
X 34.2 28.9 10.6 106.2 57.6 15.2 72.0 28.7 4.6 13.012 
Range 
Lowest 28.3 14.8 9.0 101.8 20.9 10.4 65.6 2.1 0.9 9.563 
Highest 40.4 49.0 12.6 111.8 127.6 21.7 77.6 80.6 9.8 18.619 
X - 2a 49 19 12 9 53 50 14 56 42 48 
X + 2a 50 24 19 15 45 48 15 44 27 36 
H^ighest and lowest segregating line means. 
D^ata recorded on plot basis. 
Table 9. Means, highest and lowest line mean values, and number of F^ -derived lines 
more than two standard deviations above and below the mean for ten traits 
in and F^  of Hill x PI 245331 
Trait 
Generation 
and 
statistic 
DV 
(days 
HBB 
(cm) 
NBB 
(units) 
DPM 
(days) 
H'PM 
(cm) 
NPM 
(units) 
RPR 
(days) 
HIiMR 
(cm) 
NIR 
(units) 
SWT 
(g/lOO 
seeds) 
% 43.6 35.3 12.3 80.1 67.3 17.0 36.5 32.1 4.7 4.335 
Range^  
Lowest 32.6 9.1 8.4 74.1 9.5 8.6 30.4 0.0 0.0 2.764 
Highest 51.9 69.0 15.1 89.0 125.6 22.6 41.5 58.8 9.0 7.181 
X - 2a 8 8 7 6 11 9 6 10 7 12 
X + 2af 7 7 7 9 9 10 8 6 4 12 
X 39.5 38.4 12.2 109.0 75.2 18.1 69.4 36.8 5.9 3.897 
Range 
Lowest 28.1 12.6 8.3 99.4 13.8 9.1 62.4 1.2 0.3 2.543 
Highest 64.6 64.6 16.5 119.6 123.1 23.4 76.0 72,5 9.6 6.508 
X - 2a 13 7 5 11 9 7 5 7 7 12 
X + 2a 13 9 3 8 13 9 5 7 6 10 
H^ighest and lowest segregating line means. 
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not significantly different from the high parent for DPM, 
height increase after "beginning bloom (HINR), and node increase 
after beginning bloom (NIR) in the Fg, NBB in the and F^ ^^  
and HBB of the F2^ . 
The analyses of variance, means, standard deviations, co­
efficients of variability (CV), and estimates of genetic vari­
ance components with their standard errors for ten traits are 
presented in Tables 10-13 for the F^  and F^  ^of both crosses. 
Analyses of variance showed highly significant variation among 
lines for all traits in the F^  and of both crosses. Analy­
ses of F2^  data showed that variation within Fg families was 
significant for all traits except NBB of Cross I. The geno-
typic components of variance for lines in the F^  and among Fg 
families in the F^  ^ exceeded twice their standard errors for 
all traits in both crosses (Tables 10 and 11). The component 
of variance for within families in the Fr^  analysis exceeded 
twice its standard error for all traits except NBB and DPM 
of Cross I and HBB and RPR of Cross II (Tables 12 and 13). 
My estimates of components of variance for lines may be biased 
upward due to the inclusion of the genotype x year and genotype 
X location interactions. The estimated error variance compo­
nents for all traits except HPM, NPK, RPR, and SWT of the F^  
Cross II analysis exceeded twice their standard errors 
(Tables 10-13). 
Table 10. Analyses of variance for F~ measurements on ten traits in the 
cross Hardee x PI 227687 
Mean squares 
Source of 
variation df 
DV 
(days) 
Trait 
HBB 
(cm) 
NBB 
(units) 
DPM 
(days) 
Rep. 1 271,82 320.08 0.22 198.59 
Lines 164 22.76** 359.14** 3.65** 74.04** 
Error 164 7.23 97.97 2.36 15.50 
Sampling 
error 990 2.85 33.92 0.80 
Means 36.1 30.1 10.0 81.4 
Standard 
deviation 0.95 3.50 0.54 
CV (%) 2.6 11.6 
Components of 
5.4 
variance 
# 
Lines 1.94+0.33 32.65+5.11 0.16+0.06 7.32+1.04 
Error 1.10+0.20 16.01 + 2.72 0.39 + 0.06 3.87 # 
= data recorded on plot basis. 
**F value exceeds 1% level. 
^^3 
Mean squares 
HPM 
(cm) 
Trait 
NPM 
(units) 
RPR 
(days) 
HINR 
(cm) 
NIR 
(units) 
SWT (g/ 
100 seeds) 
14289.13 
1650.92** 
339.23 
149.78 
52.0 
6.51 
12.5 
342.11 
28.93** 
8.24 
3.52 
14.6 
1.01 
6.9 
935.09 
51.20** 
22.66 
2.85 
45.3 
1.68 
3.7 
10332.00 
810.43** 
218.72 
106.99 
21.9 
5.23 
23.9 
359.64 
22.77** 
8.48 
3.02 
4.6 
1.03 
22.4 
35.21 
21.58** 
3.93 
2.42 
12.743 
0.7014 
5.5 
Components of variance 
103.90+23.12 2.5^0.41 3.57+0.77 73.96+11.52 1.79+0.33 2.21+0,30 
47.36+9.46 1.18+0.23 4.95+0.62 27.93+6.12 1.37+0.24 0.38+0.11 
Table 11. Analyses of variance for F_ measurements on ten traits in the 
cross Hill X PI 245331 
Mean squares 
Source of 
variation df 
DV 
(days) 
Trait 
HBB 
(cm) 
NBB 
(units) 
DPM 
(days) 
Rep. 1 84.25 46.75 4.25 14.04 
Lines 56 164.53** 950.89** 17.71** 84.11** 
Error 56 50.71 219.32 5.54 29.45 
Sampling 
error 342 25.03 128.42 2.63 12.07 
Means 43.6 35.3 12.3 80.1 
Standard 
deviation 2.52 5.24 0.83 1.92 
CV (%) 5.8 14.8 
Components of 
6.7 
variance 
2.4 
Lines 14.22 ±4.00 91.45 ir 22.65 1.52 + 0.43 r — o.oj 
Error 6.42+ 2.40 22.73 + 10.47 0.73 + 0.26 4.34±1.39 
**F value exceeds 1% level. 
^5 
Mean squares 
Trait 
HPM NPM RPR HINR NIR SWT (g/ 
(cm) (units) (days) (cm) (units) 100 seeds) 
2991.72 89.48 29.51 3786.39 132.71 2.47 
4617.60** 70.03** 60.76** 1702.10** 25.72** 7.97** 
859.32 12.62 22.23 491.34 8.60 1.35 
544.86 9.13 17.90 270.99 5.25 0.92 
67.3 17.0 36.5 32.1 4.7 4.335 
10.37 1.26 1.67 7.84 1.04 0.4100 
15.4 7.4 4.6 24.4 22.1 3.1 
Components of variance 
469.78+109.02 7.17+1.65 4.82+1.50 151.34+41.12 2.14+0.63 0.83+0.19 
78.62+41.22 0.87+0.61 1.08+1.09 55.09+23.39 0.84+0.41 0.11+0.07 
Table 12. Analyses of variance for F, measurements on ten traits in the 
cross Hardee x PI 227687 
Mean squares 
Source of 
variation df 
DV 
(days) 
Trait 
HBB 
(cm) 
NBB 
(units) 
DPM 
(days) 
Rep. 1 110.86 1749.32 255.32 1363.11 
Lines. 329 78.84** 477.45** 6.16** 43.03** 
Among 164 130.98** 739.19** 9.80** 65.89** 
Within 165 27.01** 217.29** 2.53ns* 20.30* 
Error 329 7.16 110.03 2.34 . 15.54 
Sampling 
error 1980 3.99 31.94 1.02 2.68 
Means 34.2 28.9 10.6 106.2 
Standard 
deviation 0.95 3.71 0.54 1.39 
CV (%) 2.8 12.8 5.1 1.3 
Components of variance 
Among Fg : families 6.50+0.92 32.62+ 5.28 0.45+0.07 2.85+0.47 
Between F 
lines wit] 
families 
--derived 
Kin F^ 
2.48+0.38 13.41+3.16 0.02+0.04 0.59+0.32 
Error 0.79+ 0.14 19.52+2.15 0.33+0.05 3.22+ 0.30 
^ns = nonsignificant F-test. 
*,**F value exceeds 5% and 1%, respectively. 
4? 
Mean squares 
Trait 
HPM NPM RPR HINR NIR SWT (g/ 
(cm) (units) (days) (cm) (units) 100 seeds) 
15534.55 21.64 696.49 6857.96 425.61 40.26 
4638.39** 62.02** 62.58** 2828.93** 45.79** 42.09** 
7780.57** 105.97** 93.05** 4770.24** 77.16** 69.80** 
1515.26** 18.33** 32.29** 899.38** 14.61** 14.54** 
403.16 7.64 22.44 284.22 8.78 3.74 
188.44 3.66 5.26 149.68 3.70 2.51 
57.6 15.2 72.0 28.7 4.6 13.012 
7.10 0.98 1.68 5.96 1.05 0.6844 
12.3 6.4 2.3 20.8 22.8 5.3 
Components of variance 
391.38+54.37 5.48+0.74 3.80+0.68 241.93+33.30 3.91+0.54 3.46+0.49 
139.01+21.09 
53.68+ 7.98 
1.34+0.26 1.23+0.49 76.89+12.61 
1.00±0.15 4.30+0.44 33.64+ 5.65 
0.73+0.22 
2.20+0.17 
1.35+0.20 
0.31+0.08 
Table 13. Analyses of variance for F, measurements on ten traits in the 
cross Hill X PI 245331 
Mean squares 
Trait 
Source of 
variation df 
DV 
(days) 
HBB 
(cm) 
NBB 
(units) 
DPM 
Rep. 1 421.49 2877.63 3.95 2.32 
Lines 113 184.30** 1569.09** 27.29** 227.82** 
Among 56 265.35** 2487.70** 39.46** 327.76** 
Within 57 104.68** 666.60** 15.34 129.63** 
Error 113 20.17 408.19 6.31 41.04 
Sampling 
error 684 12.45 38.3 2.55 
Means 39.5 38.3 12.2 109.0 
Standard 
deviation 1.59 7.14 0.89 2.27 
CV (%) 4.0 18.6 7.3 2.1 
Components of variance 
Among F2 : families 10.04 + 3 .31 113.82+ 9 .87 1.51 ±0 .49 12.38 + 4 .08 
Between F,-derived 
lines witnin 
F2 families 10.57 + 2 .43 32.30 + 16 .75 1.13 + 0 .37 11.08 + 3 .06 
Error 1.93 + 0 .68 63.95 + 13 .61 0.94 + 0 .21 7.43 + 1 .36 
*,**F value exceeds 5% and 1%, respectively. 
4-9 
Mean squares 
HPM 
(cm) 
NPM 
(units) 
Trait 
RPR 
(days) 
HINR 
(cm) 
NIR 
(units) 
SWT (g/ 
100 seeds) 
2372.63 48.36 486.36 24.34 79.93 1.86 • 
7589.57** 108.32** 79.94** 3173.83** 49.94** 7.42** 
11870.40** 172.05** 113.13** 4715.72** 79.93** 11.20** 
3383.60** 45.70** 47.33* 1659.00** 20.48** 3.70** 
662.27 12.89 30.16 805.80 11.37 0.86 
471.12 8.47 13.08 331.72 6.21 0.55 
75.2 18.1 69.4 36.8 5.9 3.897 
9.10 1.27 1.94 10.04 1.19 0.3273 
12.1 7.0 2.8 27.3 20.2 8.4 
Components of variance 
530.44+143.16 7.90+2.06 4.11+1.42 191.05+57 .96 3.72+0, .96 0.47+0.14 
340.17+78063 4,11+1,07 2.15+1.20 106.65+40 .42 1.14+0 .51 0.36+0.08 
47.79+22.74 1.11+0.44 4.27+1.01 118.52+26.94 1.29+0 .38 0.08+0.03 
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Gene Action 
Genotypic variances and covariances were used to estimate 
the types of gene action controlling the expression of the ten 
traits by fitting them sequentially to three genetic modelst 
(a) additive effects, (b) Yg, additive with dominance, 
and (c) Y^ , additive, dominance, and additive x additive 
epistasis. Progeny components of variance and covariance and 
the estimated values for the three models are presented in 
Table 30 (Appendix), and the coefficients of determination 
(R ) obtained from fitting the three genetic models are pre-
/\ 
sented in Table 14. The additive model (Y^ ) accounted for 74 
to 99% of the variation for the various traits in Gross I 
and 80 to 98^  in Cross II. The inclusion of dominance to the 
model provided statistically significant improvements in the 
fit of the data to the model for five traits in Cross I, i.e. , 
nodes at physiological maturity (NPM), HPM, NIR, HINR, and 
iiWT. Dominance was not significant for any trait in Cross II, 
Additive by additive epistasis provided no statistically sig­
nificant improvement in fitting the data to the model in 
either cross. My results indicate that the additive genetic 
variance made up the predominant portion of the genotypic 
variance for each trait in both soybean crosses. 
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Table 14. Coefficients of determination (R ) for goodness of 
fit for each of three models applied to the varia­
tion for each of ten traits for two crosses of 
soybeans 
Gross 
Harde e X PI 227687 Hill X PI 246331 
Trait 
/\ 
?1 
Model 
—7^ - -
?2 
A 
3^ %1 
Model 
3^ 
DV 0.90 0.92 0.92 0.93 0.96 0.96 
HBB 0.99 0.99 1.00 0.80 0.91 0.92 
NBB 0.86 0.91 0.91 0.94 0.98 0.98 
DPM 0.85 0.89 0.92 0.91 0.91 0.94 
HPM 0.87 0.96* 0.97 0.96 0.96 0.97 
NPM 0.90 0.97* 0.98 0.98 0.98 0.98 
RPR 0.92 0.94 0.94 0.96 0.97 0.97 
HINR 0.74 0.93* 0.93 0.97 0.97 0.97 
NIR 0.87 0.97* 0.97 0.90 0.96 0.96 
SWT 0.97 0.99* 0.99 0.94 0.97 0.97 
•Denotes significant (P<0.05) contribution to model. 
Test of significance of contribution to model calculated fol 
lowing Draper and Smith (I966). 
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Heritability 
Heritabilities estimated for ten traits in the Fg, 
and F^  of the two soybean crosses are summarized in Tables 
15-24. Units of reference were single plants in the Fg, 
single plants and Fg-derived line means in the F^ , and Fg-
and F^ -derived line means in the F^ . From the illustration 
of hierarchical structure of the data (Table 3)« it can be 
seen that there were twice the number of F^ -derived lines and, 
consequently, each F^ -derived line contained only half as 
many plants as each Fg-derived line. 
The results of the intra- and interspecific crosses were 
generally similar and will be presented simultaneously. 
Heritabilities for the days vegetative trait (DV, Table 
15) ranged from moderately low values (0.26, Cross I) by the 
unstandardized regression of F^  means on single Fg plants to 
high values for realized gains from selection of 25^  of plants 
with shortest vegetative period in the F^  (1.02, Cross I). 
Standardized regression of F^  means on single Fg plants gave 
moderately high values (0.62, Cross I; O.63, Cross II), indi­
cating that DV was quite heritable in both crosses. Realized 
heritabilities from selection in Fg for short vegetative 
period and long vegetative period were similar. Realized 
heritabilities from selection in F^  for lines with short 
vegetative periods, however, were somewhat larger than those 
from lines with long vegetative periods. In Cross I, large 
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Table 15» Heritabilities for days vegetative (DV) measured 
in progenies in each of two crosses of soybeans 
in three generations 
Reference unit and generations 
of selection and evaluation 
Method of Single plant Line meyis 
estimation Fg-F^  F^ -F^  F^ -F^ ^^  F^ ®^ F^ ® 
Hardee x PI 227687 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10?5 
Upper 25^  
Lower 25^  
Lower lOjS 
0.62 
0.26 
0.34 
0.35 
0.38 
0.39 
0.57 
0.66  
0.60^ 
0.68 
0.90 
0.87 
0.77 
1.02 
0.96 
0.79 0.91 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10# 
Upper 25?5 
Lov.'sr 25/^  
Lower 10# 
Hill X PI 249331 
0.63 
0.37 
0.40 
0.49 
0.44 
0.41 
0.67 
0.48 
0.69' 
0.73 
0.53 
0.52 
0.37 
0.72 
0.84 
0.61 0.89 
S^election on F^ -derived line mean of two F^  plants. 
F^g-derived lines. 
F^y-derived lines. 
F^g-derived lines analysis in F^ . 
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differences existed "between the standardized and nonstandard-
ized regression methods (r and b), indicating a sizeable 
change in phenotypic scale had taken place between ?£ and F^ . 
Differences "between the standardized and nonstandardized re­
gression heritabilities were common throughout the study; 
however, the differences between the two regression estimates 
for DV in Cross I were greater than for any other trait. 
Differences in r and b estimates occurred in Cross II, but 
they were not so divergent. Heritabilities computed from 
components of variance from the analysis were greater for 
F^ -derived than for Fg-derived lines. This indicates that 
genetic segregation occurred within Fg-derived lines of both 
crosses. 
Heritability values for height at beginning bloom (HBB, 
Table l6) ranged from 0.18, realized from selection of the 10^  
tallest plants, to 0.89 from selection of the 10^  shortest 
plants, both in Cross II, All six values from components of 
variance computations were moderately high and similar in mag­
nitude in both crosses (0.66 to 0.77), Seemingly, little 
genetic segregation took place within Fg-derived lines. Cross 
II heritabilities for height at beginning bloom differed from 
those of Cross I in two respects» (a) in Cross II, unstandard-
ized regression values of F^  means on Fg plants were greater 
than the standardized values, whereas the reverse occurred in 
Cross I, and (b) there was marked asymmetry in the heritability 
values according to the direction and intensity of selection of 
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Table l6. Heritabilities for height at beginning bloom (HBB) 
measured in progenies in each of two crosses of 
soybeans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of Slnfile plant 
estimation 2^"^ 3 F3-F4 F^  ^ F^  ^
Hardee x PI 227687 
Variance components 
Regression 
r 0.50 
b 0.31 
Realized (selection 
intensity) 
Upper 10^  0.35 
Upper 255^  0.38 
Lower 25^  O.30 
Lower 10^  0.39 
0.50 
0.41 
0.66* 0.69 0.77 
0.56 - -
0 • 47 — — 
0.51 
0.52 
0.55 
0.67 
Hill X PI 249331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10% 
Upper Z% 
Lower 25^  
Lower 10% 
0.43 
0.55 
0.18 
0.32 
Û.3I 
0.60 
0.76 
0.71 
0.68^ 
0.84 
0 .82  
0.59 
0.68 
0.84 
0.89 
0.73 0.74 
S^election on Fg-derived line mean of two F^  plants. 
F^g-derived lines. 
F^^ -derived lines. 
F^g-derived lines analysis in F^ . 
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single Fg plants in Cross II, and this did not occur in Cross 
I. Selection of the 10^  shortest plants in Cross II gave a 
substantially higher heritability (0.60) than did selection of 
the 25^  shortest plants (O.3I), and selection of the 10^  tall­
est plants gave a value (0.18) somewhat less than selection of 
the 2.% tallest (0.32). The similarity of the Fg- and F^ -
derived lines estimates of heritability by components of vari­
ance in the Fj^  analysis indicated that a relatively small amount 
of segregation had taken place within the Fg-derived lines. 
Heritabilities for nodes at beginning bloom (NBB, Table 
17) ranged from 0.10 (F2-Fy, Cross I) for unstandardized re­
gression to 0.86 for realized heritability from selection of 
the 10^  of F^ -derived lines with fewest nodes in Cross II. 
Several differences were observed between corresponding heri­
tabilities from the two crosses: (a) the components of vari­
ance estimate for the Fv of Cross I (0=29) was much smaller 
than the comparable one in Cross II (0.68), (b) greater differ­
ences occurred between upward and downward selection in Cross 
III and (c) in the F^  analysis of Cross I, the variance compo­
nent for F^ -derived lines was smaller than that for Fg-derived 
lines, reflecting the absence of significant segregation within 
Fg-derived lines. Segregation did occur within families in 
Cross II. 
Heritabilities for number of days to physiological maturi­
ty (DPM, Table 18) ranged from 0.22 for unstandardized regres­
sion of F^  means on Fg and selection of the latest 10^  of the 
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Table 17» Heritabilities for nodes at beginning bloom (NBB) 
measured in progenies in each of two crosses of 
soybeans in three generations 
Method of 
estimation 
Reference unit and generations 
of selection and evaluation 
Single plant Line means 
F3-P4 
Hardee x PI 227687 
Variance components 
Regression 
r 
b 
0.26 
0.10 
Realized (selection 
intensity) 
Upper 10?5 0.21 
Upper 25^  0.22 
Lower 259^  0.17 
Lower 10% 0.12 
0.29 
0.22 
O.29G 0.74 
0.37 
0.31 
0.31 
0.34 
0.55 
0.42 
0.62 
Hill X PI 245331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10^  
Upper 25^  
Lower Zyfo 
Lower 10# 
0.59 
0.27 
0.23 
0.19 
0,49 
0.58 
0.55 
0.54 
0.68^ 
0.63 
0.64 
0.41 
0.42 
0.83 
0.86 
0.61 0.77 
S^election on F^ -derived line mean of two plants. 
F^g-derived lines. 
F^^ -derived lines. 
F^g-derived lines analysis in F^ . 
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Table 18. Heritabilities for days to physiological maturity 
(DPM) measured in progenies in each of two crosses 
of soybeans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of 
estimation 
Single plant 
2^"^ 3 F3-P4 
Line means 
Hardee x PI 227687 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper I09S 
Upper 7.% 
lower 25?S 
Lower lO# 
0.47 
0.36 
0.35 
0.49 
0.49 
0.54 
0.42 
0.28 
0.51 
0.32 
0.61 
0.54 
0.39 
0.33 
0.69 0.64 
Hill X PI 245331 
Variance components 
Regression 
Realized (selection 
intensity) 
Upper 10^  
Upper 25^  
Lower 25^  
Lower 109& 
0.53 
0.22 
0.36 
0.33 
0.41 
0.44 
0.42 
0.51 
0.65® 
0.50 
C.65 
0.22 
0.41 
0.94 
0.97 
0.60 0.82 
Selection on F^ -derived line mean of two plants. 
Fg-derived lines. 
'F^ -derived lines. 
D^ata recorded on plot mean. 
Fg-derived lines analysis in F^. 
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lines in Cross II to 0.97 realized from selection of the 
earliest lOfo of the lines in the of Cross II. The two 
crosses differed in several notable aspects* (a) realized 
heritabilities from selection in the F^  were asymmetrical with 
heritabilities being higher for late-maturing lines in Cross I 
and early-maturing lines in Cross II, (b) in the F^ -F^  analy­
ses, scale changes occurred in opposite directions for the 
two crosses, and (c) segregation within families was not 
apparent in Cross I, but it was evident in Cross II. 
Heritabilities for height of plants at physiological 
maturity (HPM, Table 19) were high, ranging from 0.3I realized 
from selection of tall plants in the Fg of Cross I to 1.00, or 
greater, realized from selection of short plants in both 
crosses. Selection for short plants in the Fg and F^  of both 
crosses resulted in larger realized heritabilities than selec­
tion for tall plants. Heritabilities computed from components 
of variance from the F^  ^analyses were greater for F^ -derived 
than for Fg-derived lines. This indicates that genetic 
segregation had occurred within F2-derived lines, particularly 
in Cross II. The relationship between standardized and non-
standardized regression in Cross I indicated the scale con­
tracted somewhat in the F^  and expanded in the F^ .^ The cross 
II regression heritabilities indicated that the scale changed 
little from Fg to F^ .^ 
Heritabilities for nodes at physiological maturity (NPM, 
Table 20) ranged from 0.I3 realized in Cross II from selection 
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Table 19. Heritabilities for height at physiological maturity 
(HPM) measured in progenies in each of two crosses 
of soybeans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of Sinfile plant Mne means 
estimation Fg-F^  F^ -F^  F^ -F^  F^  ^ F^  
Hardee x PI 227687 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 109& 
Upper 
Lower 2$^  
Lower 10% 
0.60  
0.52 
0.31 
0.31 
0.54 
0.50 
0.70 
0.87 
0.73' 
0.96 
0.97 
0.61 
0.65 
1.03 
0.89 
0.81 0.91 
Hill X PI 245331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10% 
Upper 25% 
Lower 2^ % 
Lower 10% 
0 .66  
0.52 
0.34 
0.41 
0.46 
0.77 
v.ov 
0.80 
0.73' 
0. 06 
0.84 
0.77 
0. 66 
0.96 
1.00 
0.71 0.91 
S^election on Fg-derived line mean of two F^  plants, 
F^^ -derived lines. 
F^^ -derived lines. 
F^2-derived lines analysis in F^ . 
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Table 20. Heritabilities for nodes at phyiological maturity 
(NPM) measured in progenies in each of two crosses 
of soybeans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of Single plant Line means 
estimation Fg-Pg F^ -P^  ^ Pj^ " . F^ ° 
Hardee x PI 227687 
Variance components 
Regression 
r 0.40 
b 0.26 
Realized (selection 
intensity) 
Upper 10^  0.26 
Upper 2^ % 0.26 
Lower 25?^  0.32 
Lower 10^  O.38 
0.62 
0.60 
0.64/ 
0.70 
0.74 
0.49 
0.58 
0.98 
1.01 
0.83 0.88 
Hill X PI 246331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10^  
Upper ZSfo 
Lower 2595 
Lower 10^  
0.58 
0.33 
0.27 
0.13 
0.42 
0.77 
0.76 
0.71 
0.82" 
0.84 
0.78 
0.38 
0.37 
1.03 
1.00 
0.73 0.79 
S^election on Fg-derived line mean of two plants. 
P^g-derived lines. 
F^^ -derived lines. 
^Fg-derived lines analysis in F^. 
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of 25?^  Fg plants with most nodes to values near 1.00 realized 
from selection of plants with few nodes in the of both 
crosses. Asymmetry of heritabilities was quite distinct for 
the F^ 's of both crosses. Selection of lines with few nodes 
resulted in heritabilities nearly twice those from selection 
of lines with many nodes. 
Length of the reproductive period (RPR, Table 21) was one 
of the least heritable of the traits studied. Heritabilities 
ranged from 0.08 realized from selection of 2555 of lines with 
longest reproductive periods in the F2 of Cross I to O.65 for 
Fg-derived lines in Cross I. The magnitudes of the regression 
heritabilities were half or less of those from the components 
of variance method. The asymmetry of heritabilities in both 
crosses indicated that realized heritability estimates were 
greater for lines with long than for lines with short repro­
ductive periods= The variance-ccmpcnsnt heritabilities were 
notably large relative to the realized ones. 
Heritabilities for height increase after flowering (HINR, 
Table 22) ranged from a low of 0.04 realized from selection of 
the 10^  of plants with greatest height increase in the Fg of 
Cross I to 1.04 for unstandardized regression of F^ , on F^  line 
mean. There was distinct asymmetry in the realized heritabili­
ties from selection in the Fg and F^  of both crosses. Selec­
tion of lines with small height increases after flowering re­
sulted in higher heritabilities. 
Heritabilities for node increase after flowering 
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Table 21. Heritabilities for reproductive period (RPR) mea­
sured in progenies in each of two crosses of soy­
beans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of Single plant Line means 
estimation Fg-F^  F^ -F^  F^ -F^  ^ F^ ° F^  
Hardee x PI 227687 
Variance components 
Regression 
r 0.22 
b 0.14 
Realized (selection 
intensity) 
Upper 10^  0.27 
Upper 25?^  0.08 
Lower 255^  0.19 
Lower 10^  0.17 
0.27 
0.21 
0.56^  0.65 
0.33 
0,27 
0.49 
0.46 
0.15 
0.10 
0.64 
Hill X PI 245331 
Variance components 
i?ofrr«oe;e!T n-n 
r 
b 
Realized (selection 
intensity) 
"Upper 10% 
Upper 259& 
Lower 25^  
Lower 10# 
0.24 
0.10 
0.12 
0.16 
0.16 
0.08 
0.16 
0.10 
0.63 0.58 
0.21 
0.13 
0.49 
0.39 
0.21 
0.32 
0.62 
Selection on Fg-derived line mean of two F^  plants. 
F^^ -derived lines. 
F^^ -derived lines. 
^F2-derived lines analysis in F^. 
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Table 22. Heritabilities for height increase after flowering 
(HINR) in progenies in each of two crosses of soy­
beans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of 
estimation 
Single plant Line means 
F2-F3 Fj-F^  F^ " F^ = 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper I09S 
Upper 255S 
Lower 25# 
Lower 10% 
Hardee x PI 227687 
0.35 
0.27 
0.04 
0.18 
0.45 
0.38 
0.67 
0.87 
0.73 
0.76 
1.04 
0.73 
0.72 
1.03 
0.93 
0.81 0.90 
Hill X PI 245331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10# 
Upper 25# 
Lower 25# 
Lower 10# 
0.59 
0.31 
0.20 
0.34 
0.43 
0.61 
0.59 
0.55 
0.71' 
0.69 
0.65 
0.53 
0.54 
0.90 
0.96 
0.65 0.75 
""Selection on Pg-derived line mean of two plants. 
F2-derived lines. 
'F^ -derived lines. 
^F2-derived lines analysis in F^, 
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(NIR, Table 23) ranged from a negative estimate realized from 
selection of the 10^  with greatest node increase in Cross II 
to 0.81 in three cases, components of variance of F^ -derived 
lines in the and realized selection of the 10^  and 25^  of 
population with least node increase. Asymmetry was observed in 
the realized heritabilities of both generations of both crosses. 
Realized heritabilities for lines with little increase in nodes 
were larger than those from lines with great increases. The 
close agreement between the two heritability estimates from the 
analysis of variance indicates that segregation did not 
occur in the F^ -derived lines. 
Heritabilities for seed weight (SWT, Table 24) ranged 
from 0.33 realized from selection of the 10^  of plants with 
smallest seeds in Cross I to 0.9^  realized from selection of 
10^  of lines with largest seeds in the F^  of Cross II. The 
seed-weight heritabilities were relatively uniform for selec­
tion in the different segments of the phenotypic distribution 
and for the various methods in general. 
Trait Correlations 
Simple correlations among all pairs of ten traits mea­
sured on Fg plants for the two soybean crosses are presented 
in Table 25. Genotypic and phenotypic correlations among all 
pairs of traits evaluated on Fg- and F^ -derived lines in the 
and F^ generations, respectively, are presented in Tables 26-29. 
In general, (a) the two crosses tended to have values of 
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Table 23. Heritabilities for node increase after flowering 
(NIR) measured in progenies in each of two crosses 
of soybeans in three generations 
Reference unit and generations 
of selection and evaluation 
Method of 
estimation 
Single plant Line means 
F2-F3 
Hardee x PI 227687 
Variance components - - 0.55* 0.81 0.75 
Regression 
r 
b 
0.36 
0.23 
0.53 
0.47 
0.63 
0.62 
- -
Realized (selection 
intensity) 
Upper 100 
Upper 250 
Lower 250 
Lower 100 
O.IS 
0.14 
0.35 
0.33 
- 0.42 
0.43 
0.81 
0.81 
-
-
Hill X PI 21*5331 
Variance components - - 0.66* 0.74 0.77 
Regression 
r 
b 
0.28 
0.12 
0.58 
0.46 
0.66 
0.56 
-
-
Realized (selection 
intensity) 
Upper 100 
Upper 250 
Lower 250 
Lower 100 
_e 
0.07 
0.42 
0.44 
-
0.41 
0.39 
0.84 
0.79 
-
-
""Selection on Fg-derived line mean of two plants, 
F^^ - derived lines. 
'F^ -derived lines. 
Fg-derived lines analysis in F^ . 
'Negative estimate. 
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Table 24. Heritabilities for seed weight (SWT) measured in 
progenies in each of two crosses of soybeans in 
three generations 
Reference unit and generations 
of selection and evaluation 
Method of 
estimation 
Single plant Line means 
Hardee x PI 227687 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper 10^  
Upper 25?S 
Lower 
Lower lOjS 
0.59 
0.44 
0.40 
0.47 
0.36 
0.33 
0.66 
0.72 
0.74^  
0.75 
0.88 
0.86 
0.81 
0.76 
0.65 
0.72 0.91 
Hill X PI 245331 
Variance components 
Regression 
r 
b 
Realized (selection 
intensity) 
Upper IQffo 
Upper 2% 
Lower 25% 
Lower 10# 
0.86 
0.70 
0.71 
0.69 
0.54 
0.68 
0.84 
0.63 
0.74^  
0.89 
0.70 
0.94 
0.83 
0.91 
0.88 
0.67 0.88 
S^election on Fg-derived line mean of two plants. 
F^g-derived lines. 
F^^ -derived lines. 
F^g-derived lines analysis in F^ . 
Table 25. Simple correlation coefficients® between all pairs of traits measured on individual 
plants in the F g of two soybesji crosses 
Trait 
Trait DV HBB NBB DEM HPM NPM RPR HINR NIR SWT 
DV 0.47** 0.16* 0.46** 0.23** 0.15 -0.52** -0.10 0.06 -0.42** 
HBB 0.48** - 0.53** 0.19* 0.62** 0.38** -0.27** -0.04 0.08 -0.18* 
NBB 0.80** 0.45** - 0.03 0.49** 0.51** -0.12 0.18* -0.10 -0.16* 
DPM 0.62** 0.26* 0.52** - 0.18* 0.25** 0.52** 0.08 0.26** -0.24** 
Hm 0.38** 0.47** 0.34** 0.46** - 0.64** -0.04 0.76** 0.40** -0.37** 
NPM 0.54** 0.49** 0.61** 0.46** 0.67** - 0.10 0.49** 0.81** -0.27** 
RPR -0.41** -0.24 -0.30* 0.46** 0.10 -0.07 - 0.17* 0.19* 0.11 
Him 0.27* 0.21 0.24 0.43** 0.96** 0.59** 0.19 - 0.45** -0.16* 
NIR 0.05 0.26 -0.02 0.17 0.57** 0.78** 0.15 0.55** - -0.31** 
SWT -0.21 0.08 -0.24 0.11 -0.13 -0.35** 0.36** -0.04 -0.19 -
Pardee x PI 227687 values above diagonal; Hill x PI 245331 values below diagonal. 
*,**Significant at 5% and 1%, respectively. 
Table 26. Genotypic and phenotypic correlation coefficients* between all pairs of ten traits in 
the Fg of the cross Hardee x PI 227687 
Trait 
Trait DV HBB NBb DPM HPM NPM RPR HINR NIR SWT 
DV .. 0.54 0.61 0.75 0.83 0.81 0.34 0.80 0.80 -0.32 
HBB 0.48** - 0.75 0.25 0.84 0.45 -0.03 0.58 0.32 -0.21 
NBB 0.38** 0.44** - 0.12 0.85 0.75 -0.26 0.77 0.60 -0.72 
DPM 0.56** 0.16* 0.05 - 0.42 0.51 0.87 0.46 0.58 0.19 
HPM 0.63** 0.78** 0.43** 0.35** - 0.72 0.04 0.93 0.72 -0.50 
NPM 0.58** 0.37** 0.48** 0.41** 0.72** - 0.13 0.90 0.98 -0.66 
RPR 0.00 -0.13 -0.19* 0.83** 0.00 0.11 - 0.08 0.24 0.51 
HINR 0.57** 0.45** 0.32** 0.39** 0.91** 0.79** 0.09 - 0.86 -0.60 
NIR 0.50** 0.24** 0.14 0.44** 0.64** 0.94** 0.20* 0.76** - -0.58 
SWT -0.22** -0.15 -0.34** 0.18* -0.39** -0.48** 0.36** -0.45** -0.41** 
^Genotypic correlations above diagonal; phenotypic correlations below diagonal. 
*,**Significant at 5% and 1%, respectively. 
Table 27. Genotypic and phenotypic correlation coefficients* between all pairs of ten traits in the 
Fg of the cross Hill x PI 245331 
Trait 
Trait DV HBB NBB DPM HPM NPM RPR HINR NIR SWT 
DV 0.67 0.99 0.H2 0.64 0.83 -0.74 0.61 0.68 -0.31 
HBB 0.62** - 0.89 0.41 0.99 0.81 -0.65 0.96 0.73 -0.20 
NBB 0.79** 0.82** - 0.%6 0.92 0.99 -1.03 0.93 0.98 -0.63 
DPM 0.80** 0.40** 0.53** - 0.39 0.59 -0.22 0.37 0.60 0.05 
HPM 0.54** 0.92** 0.80** 0.33* - 0.89 -0.63 0.99 0.85 -0.28 
NPM 0.69** 0.78** 0.88** 0.49** 0.87** - -0.73 0.94 0.99 -0.46 
RPR -0.71** -0.54** -0.68** -0.14 -0.50** -0.57** - -0.61 -0.37 0.59 
HINR 0.43** 0.77** 0.71** 0.24 0.96** 0.85** -0.42** - 0.93 -0.34 
NIR 0.49** 0.60** 0.62** 0.36** 0.77** 0.92** -0.38** 0.82** - -0.44 
SWT -0.19 -0.17 -0.30** 0.08 -0.27 -0.38** 0.40** -0.31* -0.37** 
^Genotypic correlations above diagonal; phenotypic correlations below diagonal. 
*,**Significant at 5% and 1%, respectively. 
Table 28. Genotypic and phenotypic correlation coefficients* between all pairs of ten traits in 
Fg-derived lines in of the cross Hardee x PI 227687 
Trait 
Trait DV HBB NBB DPM HPM NPM RPR HINR NIR SWT 
DV 0.72 0.91 0.66 0.60 0.62 -0.79 0.50 0.46 -0.45 
HBB 0.64** - 0.81 0.32 0.92 0.63 -0.69 0.68 0.51 -0.51 
NBB 0.71** 0.68** - 0.63 0.71 0.73 -0.70 0.61 0.57 -0.51 
DPM 0.51** 0.21** 0.36** •• 0.40 0.43 -0.06 0.40 0.32 -0.06 
HPM 0.56** 0.77** 0.58** 0.31** - 0.88 -0.46 0.98 0.84 -0.65 
NPM 0.55** 0.54** 0.57** 0.34** 0.82** - -0.47 0.90 0.97 -0.72 
RPR -0.70** -0.54** -0.50** 0.26** -0.37** -0.34** - -0.33 -0.34 0.56 
HINR 0.45** 0.57** 0.47** 0.31** 0.96** 0.83** -0.25** - 0.89 "0.65 
NIR 0.38** 0.38** 0.30** 0.27** 0.74** 0.95** -0.21** 0.80** - o
 
o
 
SWT -0.42** -0.45** -0.40** -0.02 -0 » 61** -0.65** 0.46** -0 « 60** -0.60** 
^Genotypic correlations above diagonal; phenotypic correlations below diagonal. 
**Significant at 1% level. 
Table 29. Genotypic and phenotypic correlation coefficients* between all pairs of ten traits in 
Fg-derived lines in of the cross Hill x PI 245331 
Trait 
Trait DV HBB NBB DI'M HPM NPM RPR HINR NIR SWT 
DV — 0.55 0.84 0.86 0.49 0.67 -0.15 0.46 0.43 -0.37 
IIBB 0.44** - 0.84 0..41 1.00 0.84 -0.21 1.02 0.71 -0.29 
NBB 0.73** 0.70** - 0.66 0.78 0.87 -0.24 0.76 0.63 -0.37 
DPM 0.81** 0.31** 0.56** 0.41 0.54 0.38 0.42 0.36 -0.03 
HPM 0.47** 0.87** 0.69** 0.38** - 0.89 -0.10 1.00 0.82 -0.35 
NPM 0.62** 0.70** 0.79** 0.48** 0.85** - -0.17 0.93 0.93 -0.54 
RPR -0.15 -0.14 -0.17 0.46** -0.07 -0.13 - -0.01 -0.08 0.64 
HINR 0.42** 0.64** 0.58** 0.37** 0.94** 0.83** -0.01 - 0.90 -0.39 
NIR 0.37** 0.51** 0.42** 0.30** 0.74** 0.89** -0.06 0.79** - -0.56 
SWT -0.35** -0.27** -0.33** -0.04 -0.34** -0.49** 0.47** -0.33** -0.48** -
^Genotypic correlations above diagonal; phenotypic correlations below diagonal. 
**Significant at 1% level. 
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similar magnitude and sign for corresponding correlations in 
the F J and (b) genotypic and phenotypic correlations in 
the and F^ ,^ generations were of greater magnitude than the 
correlations in Fg, and (c) genotypic correlations were of 
higher magnitude (in positive or negative direction) than 
phenotypic correlations. High genotypic correlations were 
observed between the stage of development traits (DV and DPM; 
0.65 to 0.86), among the growth development traits (HBB, NBB, 
HPM, and NPMi 0.^ 5 to 1.00), and between the growth habit 
traits (HINR and NIR; 0.86 to 0.93) for the F^  and F^  ^of both 
crosses. Early growth development traits were highly corre­
lated with late growth development traits, ranging from 0.84 
to 1.00 for HBB with HPM and O.73 to O.99 for NBB with 
for the F J and F^  of both crosses. 
Negative genotypic correlations were observed between 
SV.Û' and all other traits except DH! and RPR. Associations 
between SWT and DPI.I were negligible, while those between SWT 
and RPR were positive. The genotypic correlations between 
RPR and DV, DPM, HBB, HPM, NPM, HINR and NIR were inconsistent 
and/or negligible in the F^  and Fj^  of the two crosses. The 
only consistent correlation of RPR with another trait was with 
NBB, and this was negative, ranging from -0.26 to -I.03 for 
both crosses. 
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DISCUSSION 
The degree of the season-to-season fluctuation in trait 
means and ranges was unexpected in the environment where this 
study was conducted. Uniformity of season-to-season perform­
ance was the exception rather than the rule. Certainly, the 
factors that were responsible for the season-to-season fluc­
tuation in trait means were not apparent. However, none of 
the parents was known to be adapted to the tropical environ­
ment. Two parents, Hardee and Hill, were adapted to temperate 
regions, and the two plant introductions were collected in the 
subtropical Orient. 
A primary purpose of making crosses which involve exotic 
lines is to increase genetic variability upon which to practice 
selection; however, certain difficulties may arise when widely 
divergent material is used. Sterility has been reported in in­
terspecific crosses (Weber, 1950); however, none was observed 
in my materials. Unfortunately, comparisons of data from Cross 
II progeny with that from the parents were precluded by the ab­
sence or low number of PI 245331 plants available for measure­
ment. Barren dwarf types were observed in the Cross I progenies 
in all three generations, but since neither parent displayed 
this trait, the dwarfs probably resulted from a cytological ab­
normality (E. Hartwig, Stoneville, Miss., personal communica­
tion, 1973)• The dwarf types were readily identified, and were 
excluded from the sample of plants I used for measurements. 
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In Gross I, where data from both parents were available, 
transgressive segregation occurred for all traits except DV and 
SWT, which is consistent with reports on DPM, HPM, and NPM by 
Owen (1927). Woodworth (1933). Williams (1948), Kalton (1948), 
Singh and Anderson (1949), Weber (1950)» Mahmud and Kramer 
(1951)» Bartley and Weber (1952), Caviness and Prongsirivathana 
(1968), and Lee et al. (1974). Seed weight of the parental 
types was not recovered in the progeny of my crosses, which is 
consistent with the results of Ting (1946), Williams (1948), 
and Weber (1950). The fact that no segregates reached either 
parental value in either cross suggests that many loci were 
involved and/or the parents had few genes in common. Williams 
(1948) and Weber (1950) concluded that inheritance of seed 
weight was mutiplicative and conditioned by a large number of 
major genes with modifying genes in interspecific crosses. 
with the exception of days vegetative, segregations for 
the various traits observed in my data were consistent with 
those reported by other researchers. 
The analyses of variance indicated that the differences 
among families were highly significant for all ten traits in 
both crosses. This implies that sufficient genetic variability 
existed in the populations under study to allow selection for 
all traits. However, the significant genetic variation de­
tected among traits may be biased upward due to the confounding 
effects of the genotype x year and genotype x location 
interactions. 
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Components of variance were computed for lines and error 
in the and for among and within Fg-derived lines, as well as 
error, in the F^ .^ The genotypic component exceeded its stan­
dard error fivefold for all traits in F^  of Cross I except 
NBB, where the component exceeded the error less than three­
fold. In Fj of Cross II, where fewer lines (57 vs. I65 in 
Cross I) were available, most genotypic components exceeded 
their standard errors threefold. In the F^  analyses of both 
crosses, the among component exceeded its standard error 
threefold for all traits. The within component generally 
exceeded twice its standard error except for NBB and DPM of 
Cross I and HBB and RPR of Cross II. The relationship between 
the among and within components is an indication of the extent 
of fixation of genes by the F^ . Two randomly selected F^  
plants in each Fg-derived line were the bases for the within 
component estimate. Certainly, two F-, plants did not provide 
an adequate sample of the genes of all plants in one F^  family; 
however, the results of these comparisons are worth mention. 
The within component of variance was less than one-half 
the among component for every trait in the intraspecific cross 
(Cross I, Table 12), indicating plants within a family were 
more alike than the average genotypes. However, in the inter­
specific cross (Cross II, Table I3). the among and within 
components were of similar magnitude for DV and DPM. The among 
components for NBB, HPM, NPM, RPR, HINR, and SWT were less than 
twice the within components, indicating that substantial gene 
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fixation was taking place "by the of the interspecific 
cross. In most cases, differences between progenies within 
Fg families reached the 1^  level of probability, demonstrating 
that selection could be practiced with the expectation of 
success within families. 
Even though dominance was found to be statistically sig­
nificant for five traits in Cross I, the results from the co-
variance analyses, using quite diverse genetic materials in a 
tropical environment, support the conclusion that the primary 
component of genetic variance in soybean traits is the addi­
tive component, corroborating the results of Horner and Weber 
(1956). Gates et al. (i960), Brim and Cockerham (I96I), Hanson 
and Weber (I96I), and Croissant and xorrie (1971). The major 
importance of additive gene action suggests that one or more 
cycles of intermating (with selection) should result in 
genetic improvement of soybean populations such as the two 
studied. 
Fisher (1918) recognized that total genetic variance could 
be subdivided into portions due to: (a) average effects of 
genes (additive), (b) interaction of allelic genes (dominance), 
and (c) the interaction of nonallelic genes (epistasis). Such 
an analysis is based on the assumptions of1 (1) normal diploid 
behavior at meiosis, (2) two alleles per locus, (3) gene 
frequencies of p = q = 0.5# (4) no cytoplasmic or maternal 
effects, (5) no linkage, and (6) no natural selection. Of the 
six assumptions, the first three probably were valid in my 
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study. The barren dwarf types observed in Cross I probably 
were the result of cytoplasmic effects rather than abnormal 
meiotic bahavior. The assumptions of two alleles per locus 
and gene frequencies of 0.5 are justified on the basis that 
soybeans are highly self-fertilized. For these two assump­
tions to be false, mutation had to have occurred, which is of 
low probability, or the original parents had to have been 
heterozygous, which is unlikely. However, the last three 
assumptions may not have been fulfilled because: (a) cyto­
plasmic effects were suggested as the cause of the dwarf 
types, (b) linkage equilibrium is improbable in the early 
generations of a cross of homozygous parents, and (c) natural 
selection among diverse genotypes grown under conditions which 
were less than optimum is to be expected. 
Brim (1973) suggested that, although the evidence was not 
conclusive,, additive genetic variance was the primary component 
of genotypic variance for economic traits of soybeans. Johnson 
and Bernard (I962) concluded, "For the present...the importance 
of additive genetic variance in soybeans appears to be well 
established, the main question at issue being the relative 
importance of non-additive effects." 
Heritability 
Plant breeding is undertaken to improve qualitatively 
and/or quantitatively inherited traits in a plant species. 
Improvement comes about by selection, and gain from selection 
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depends upon degree of association between genotype and pheno-
type, a relationship called "heritability". Magnitude of 
heritability for a given trait depends upon methods of calcu­
lation, genetic materials used, field-plot procedures, and the 
test environment. 
An objective in my study was to compare the relative mag­
nitudes of heritability estimates for ten traits when measured 
in different generations and using three methods of estimation 
on data from two soybean crosses grown in a tropical environ­
ment. Another objective was to evaluate the effect of selec­
tion upward and downward using two selection intensities on the 
magnitude of realized heritability values. 
In early generations, heritability estimated from compo-
/\2 
nents of variance is called broad sense because includes 
genetic variances which are not additive in origin. Of course, 
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(Table 14) should be essentially narrow sense. In and 
the unit of reference was two replicates and one environments 
consequently, genotype x location and genotype x year inter­
action variances would contaminate the used in the numerator 
for computing heritability. 
Heritabilities estimated from variance components provide 
some interesting comparisons. Any instance where the herita­
bility computed for among F^ -derived lines was larger than 
that computed for Fg-derived lines (in the F^  analyses) was due 
to genetic segregation which took place within the Fg-derived 
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lines. Such segregation would cause the variance components 
among F^ -derived lines to be larger than that among F^ -derived 
lines. Differences between the variance components among Fg-
derived lines estimates in F^  and F^  ^may have resulted from* 
(a) a reduction in any dominance present from F^  to F^ , 
(b) greater precision in estimation of line means in F^  ^as a 
result of more plants per line, (c) greater experimental error 
in F;^  as a consequence of the experiment requiring twice the 
experimental area, and/or (d) a seasonal effect on the rela­
tive amount of nongenetic variation. Components of variance 
heritabilities were generally larger in F^  ^than in F^ . For 
example, average heritàbility for ten traits in Cross I was 
0.61 in F^  compared to 0.75 and 0.79 for Fg- and F^ -derived 
lines analyses in This apparent increase in heritàbility 
from F^  and Fj|^  probably results from the following relationship. 
According to Hanson and Y,'eber (1961), the genotypie variance 
for lines selected in F2 and evaluated in generation n may be 
partitioned ass 
(1/2 + 1/4 + ... ) , 
and that for lines selected in F^  generation and evaluated in 
generation n may be partitioned asi 
(3/4 a\ + 9/16 + ...) . 
If lines are tested with the same precision in both sets, 
heritàbility estimated from Fg-derived lines should be lower 
than that from F^ -derived lines. This can be seen from the 
heritàbility equation: 
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s: 
H= ^^  
2^ , S^E 
The ôg component from F^ -derived lines would be 50^  larger than 
that from Fg-derived lines if it were completely additive 
genetic (Table ?)» and increase in the genotypic variance with­
out a corresponding change in the other equation components 
should give rise to a large heritability estimate for the F^ -
derived lines. 
An estimate of narrow sense heritability results from 
parent-offspring regression in self-fertilizing species because 
the COvariance of offspring and parent is equal to the additive 
component (defined by least squares) of genotypic variance for 
a noninbred base population. Although parent-offspring cal­
culations of heritability are realistic in actual plant breed­
ing procedures, a difficulty exists in that generation effects 
are confounded with season effects. Considerable expansion 
and contraction of phenotypic scales occurred between seasons, 
particularly from F2 single plant to F^  line means, causing the 
two regression estimates, standard unit (r) and unstandardized 
(b), to differ for most comparisons. The standard unit method 
corrects for scale changes by establishing a ceiling of 100^ , 
in contrast to unstandardized regression estimates which have 
no uniform ceiling (Frey and Homer, 1957)* 
In Cross I, the averages for the ten heritabilities for 
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unstandardized Pg-F^  ^ .nd regressions were 0.29 and 0.53f 
respectively. Comparable standardized values were 0.44 and 
0.52, indicating that changes were considerable between Fg 
single plant and line means scales. In Gross II, the 
Fg-Pg and Py-F^  values for unstandardized regression were 0.35 
and 0.55 *^ s. 0.54 and 0.6I, respectively, for standardized 
regression. In all instances except one (HBB in Cross II), the 
range of F^  means was narrower than the range of individual 
Fg plants. If the expansion and contraction of scale observed 
in this study are typical, use of the unstandardized regression 
procedure is questionable, particularly when means are re­
gressed on single plant values. 
Calculation of realized heritability requires a control 
population against which selections can be evaluated. In this 
study, all lines were present in all three generations, allow­
ing the total population to be used as a control. Selection 
on the basis of line means (two F^  plants from a common Fg) 
gave substantially higher realized heritabilities than Pg 
single plant selection, e.g., an average for the two Z% inten­
sities over ten traits for selection in the Pg was O.32 com­
pared to 0.65 for P^  in Cross I. In Cross II, comparable 
values were 0.36 and 0.66 for the Fg and F^ , respectively. 
A comparison of heritability averages of ten traits cal­
culated by different methods is of interest. An approximate 
comparison of the components of variance and regression methods 
can be made using the heritability estimates from the P^ . The 
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components of variance averages of 0.61 and 0.70 for Cross I and 
Cross II, respectively, are slightly higher than the comparable 
averages by regression, 0.52 and 0.6l. Realized heritabilities 
are not directly comparable to components of variance or re­
gression methods because 50/5 of the population distribution 
is not included in an average value for the realized herita-
bility estimates. 
The range of heritabilities over ten traits provides 
important information about the potential of a method to dif­
ferentiate among the heritabilities of traits. The components 
of variance method in the F^ , with one exception (NBB of 
Cross I), grouped heritability estimates between 0.55 and 
0.82 for both crosses. The heritabilities from standard­
ized regression for both crosses ranged from 0.16 to 0.84, and 
unstandardized estimates ranged from 0.10 to 0.80. Where 
the components of variance method has the desirable advantage 
of offering an estimate of heritability after one season of 
data collection, its shortcoming, in the two populations 
studied, was its inability to distinguish the highly heritable 
traits from those less heritable, relative to the regression 
method. 
A wide range of heritabilities for the various traits 
was indicated for the realized heritability method. Averages 
of the two 25^  intensities for each trait indicated a range of 
0.30-0.90 for F^  of Gross I and 0.30 and O.87 for F^  of Cross 
II. 
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A comparison of upward and downward selection provides 
information about the relative success to be expected from 
selection in programs which may have different objectives for 
specific traits. These comparisons were made using the 
realized heritability method. Considerable asymmetry of re­
sponse from selection was observed in the different segments 
of the phenotypic distribution. Of the ten traits I measured, 
the growth traits (HBB, NBB, HPM, NH/Î, HINR, and NIR) showed 
a tendency for downward selection to give larger heritability 
values. In an effort to identify possible reasons for the 
asymmetry of heritabilities, a simple indicator of asymmetrical 
distribution, the frequency of lines more than two standard 
deviations above or below the mean based on the mean and 
standard deviation of the trait in question, was applied to 
the phenotypic distributions of the traits. A small asymmetry 
of distribution in specific traits such as HINR, IxIR and SWT 
(Table 8) was indicated in the and of Cross I. Although 
fewer lines were available in Cross II, a similar tendency was 
noted in HINR, NIR and SWT (Table 9)- For NIR and HINR, lower 
heritabilities were associated with the distribution tail 
with a greater frequency of values two standard deviations 
away from the trait mean. Although distributional asymmetries 
were not clearly evident in all the traits where marked 
asymmetry of heritabilities was observed, even slightly asym­
metrical distributions may contribute to directional differ­
ences in heritabilities due to the difference in selection 
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differentials. Asymmetry of heritabilities from selection in 
opposite directions has been reported by Falconer (i960), 
Hanson and Weber (I962), and Meyer and Enfield (1975)t who 
found downward selection to result in higher heritabilities 
than upward selection in mice, soybeans, and Tribolium 
castaneum, respectively. 
Two selection intensities upward and downward were used 
to determine if differences in realized heritabilities could 
be due to intensity of selection, since it has been reported 
that intense selection can limit ultimate gain. Frankham 
et al. (1968) observed that selection intensities close to 
50^  allowed response to continue longer and, perhaps, to a 
greater degree than did more intense selection. My results 
indicated that, although there may have been differences due 
to selection intensity for specific traits, there were no 
consistent differences over generations or crosses. On the 
average, selection intensity did not affect the magnitudes of 
the realized heritability estimates. 
A comparison of the heritabilities calculated in these two 
crosses with those reported in the literature represents, in 
reality, a comparison of heritabilities obtained in a tropical 
environment with those obtained in nontropical environments. 
The magnitudes of my heritability estimates were generally 
comparable to those already published. Johnson and Bernard 
(1962), in their review of the subject, summarized and pre­
sented heritability estimates based on "data and observations 
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of experienced soybean breeders" for five of the ten traits 
in my study. Their suggested values, on the basis of two 
replicates and two environments, were; DV, 60-84; DPM, 55-78; 
HPM, 45-75; RPR. 40-65; and SWT, 40-68, for Fg plant and or 
later line means, respectively. 
The results from my components of variance and standard­
ized regression methods were similar to the heritabilities for 
DV, DHÎ, HPTJI and SWT suggested by Johnson and Bernard (I962). 
However, the heritability values for RPR in my experiment were 
quite low (0.I6 to 0.2? for both crosses) compared to the sug­
gested values of Johnson and Bernard (I962). The length of 
reproductive period is a composite trait subject to the environ­
mental effects on flowering and maturity. Though few environ­
ments are constant, the plant means and ranges for the differ­
ent seasons (Table 8) indicated that the three seasons sampled 
in T.ni «5 R-rnnir wo-kks -nriT i /-«ol T-t- Vioc; >>o<ar> woT 1 
documented that the soybean is very sensitive to photoperiod 
and temperature. Although the photoperiod differences at the 
experimental site were not large, it is conceivable that 
certain soybean genotypes planted during times of slightly 
lengthening photoperiods may respond differently than soybeans 
planted during times of slightly shortening photoperiods. If 
this were true, results from studies comparing performance of 
lines in two seasons of one year may differ from those compar­
ing performance of lines in photoperiodically similar seasons 
of two years. This was the implicit conclusion of the studies 
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conducted in a subtropical site (Taiwan) by Lu et al. (1967b), 
who summarized: 
Comparing the same population grown in the two seasons, 
the spring crop was found to give larger genetic vari­
ances of characters and higher heritability values than 
the summer crop. It was also found that the parent-
offspring regression and correlation were negative 
when two generations in different seasons were compared. 
If the results herein are typical of the environment and/or 
materials used, the use of RPR heritability values is cautioned. 
Realized values for Fg single plant selection for DV, DPM, 
HPM, RPR and SWT averaged below the values suggested by 
Johnson and Bernard (I962), whereas selections averaged as 
high as or higher than the suggested values. Heritability of 
KPM has been reported to be high, 0.86 to O.95 (Yoshino et al., 
1955» Caviness and Prongsirivathana, I968; Thseng et al., 1971; 
and Thseng and Hosokawa, 1971). My estimates of realized 
heritability for NPT-I indicated that direction of selection is 
quite important, with downward selection in the averaging 
1.00, while upward selections were near half that value. 
The few published NIR heritabilities ranged from 0.44 
(Nagata, 1960a) to O.92 (Thseng et al., 1971). My F2 values 
were lower than that range, but the F^  and F^  ^ values compared 
favorably. No published reports of heritability for HINR were 
known to exist. 
Thseng and Hosokawa (1971) reported heritability values 
of 0.95 and 0.90 for HBB and NBB, based upon an analysis of Fg 
individual plant variance. The results from my study indicate 
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that both traits were moderately heritable, lower in the Fg 
than F^ , with downward selection giving greater values. 
An interesting aspect of the realized heritability esti­
mates has been the occurrence of values slightly greater than 
unity. Heritability cannot theoretically exceed 1.00; however, 
estimates apparently may. I used the phenotypic standard 
deviation to standardize the data under the assumption that 
expansion and contraction of scale are uniform over the pheno­
typic range. This assumption, like the assumption of linearity 
of genotype and phenotype, may not have been totally valid in 
these two populations. 
When the traits were ordered according to the magnitude of 
heritability, some shifts in rank occurred due to methods of 
heritability estimation and generations, but SWT and HM 
consistently placed at or near the top of the rankings in both 
C]ross0sy N33 PIPP in C^oss X snâ. in C^ross XX z*3>nlc0cl XoWi 
and the other traits changed positions in the rankings somewhat. 
Heritabilities estimated from realized gains and from 
variance components were somewhat dissimilar. With linearity 
of genotype and phenotype, accurate estimation of variance 
components, and adequate sampling of environments, one would 
expect the two estimates to be essentially the same. 
For the population studied and the environments sampled, 
the magnitudes of the realized heritabilities suggest that 
selection in the F^  should result in advance for all traits, 
with the possible exception of RPR. A high degree of success 
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was associated with selection for DV, KBB, HPIVI, HINR, and SWT 
in the of both crosses. Direction of selection was a 
definite factor in the magnitude of probable success from se­
lection in DHvi, lŒB, NPM, NIR, and, to a lower extent, RPR. 
Fg realized heritabilities for DV, HHI, HIKR and SWT suggest 
that selection for these traits could be successful as early 
as the F2 in these populations. The high heritabilities for 
downward selection of HPM and HINR in the Fg these two 
populations indicate early generation selection of short plants 
should be successful. The differences between heritability 
estimates from F2- and F^ -derived line analyses suggest that 
selection within Fg lines should be successful for DV, HH1, 
and SWT in both crosses. 
A primary use of heritability estimates lies in the 
ability to predict response to selection in improvement pro­
grams, It is desirable to have reliable estimates prior to 
the onset of a selection so as to optimize the selection pro­
cedure. The components of variance method has the advantage 
in that it will provide an estimate in one generation. How­
ever, my components of variance estimates for one location 
did not differentiate the levels of heritabilities for the 
various traits as well as desired. The heritability esti­
mates for the ten traits were closely grouped, suggesting 
that the heritabilities were similar, whereas regression esti­
mates differentiated traits more. However, regression esti­
mates needed to be standardized to give an estimate free from 
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distortion by scale expansion and contraction. In this study, 
scaling effects were important, which is to be expected when­
ever means are regressed on individual plant values. In 
addition, the results of the various selection intensities 
and levels of the realized heritability experiment suggest 
that only that part of the distribution in which selection 
is to be practiced should be used for a heritability estimate. 
The usual practice of selection by culling in early generations 
of self-fertilized species would have been well justified 
for the elimination of the shorter, earlier lines in the 
growth and development traits in these two populations. 
Realized heritabilities have their main purpose as a 
check on the other estimates. If it were not for the results 
of the realized heritabilities at the various selection levels, 
the asymmetry of heritability estimates would not have been as 
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typic distribution may be one of the factors which may explain 
why predicted gains fail to anticipate actual gains in certain 
cases. The results of the realized heritability study suggest 
that for several traits, predictions of upward gain based on 
components of variance estimates would be exaggerated. 
The value of heritability estimates, from the practical 
standpoint, depends on the accumulation of similar data over 
a wide range of material and environments. We may find that 
parent-offspring regressions and correlations from the same 
population grown in two seasons of one year may give very low 
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or even negative results. Selection of desirable material in 
two different seasons of one year may lead to "disruptive 
seasonal selection" which may result in selections with broad 
adaptability. 
Trait Correlations 
Plant breeders often practice simultaneous selection for 
two or more traits. The extent to which traits are inter­
related genetically, to some degree, will determine the rate 
and extent of the breeder's success in simultaneous selection. 
In addition, the improvement of a species is facilitated by 
an understanding of the interrelationships between physiologi­
cal traits. 
Soybean researchers in the temperate regions have identi­
fied traits which are frequently correlated with yield; i.e., 
maturity date, plant height, length of reproductive period: 
and seed weight. These traits have been suggested as criteria 
for use in selection indices (Johnson and Bernard, 1962). In­
determinacy (increase in height and node number after beginning 
bloom) has been suggested as being desirable in soybean varie­
ties adapted to low latitudes (Nagata, 1960b, 1960d, I967; 
Leakey and Rubaihayo, 1970; Thseng and Hosokawa, 1972a; and 
Camacho, 197^ ). More recently, Burlamaqui (1975) suggested 
increased number of nodes as an easily identifiable character­
istic of high yielding genotypes. Further, early growth and 
development traits (days vegetative, height and node number at 
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beginning "bloom) are of interest to the soybean breeder who 
wants to identify superior genotypes early in the growth cycle. 
If desirable traits occurring at maturity are highly corre­
lated with highly heritable and easily identifiable traits 
which can be identified before or during flowering, the time 
for a breeding cycle can be shortened by one season. There­
fore , I was interested in studying the interrelationship 
between these traits. 
In most cases, the genotypic correlations between traits 
were higher than the phenotypic ones, which was in agreement 
with the results of Weber and Moorthy (1952), Johnson et al. 
(1955t>)f Tang and Tai (I962), Anand and Torrie (I963), Gotoh 
(1963), Tang and Li (I963), Kwon and Torrie (1964), and Thseng 
and Hosokawa (1972b). 
The high genetic association between node and height 
traits at beginning bloom (NB3 and HBB) and at physiological 
maturity (NPM and HPIvl) indicated that a close relationship 
existed between node and height development in both crosses. 
These genotypic correlations agree with the results of Thseng 
and Hosokawa (1971), but are considerably higher than the 
values these authors reported in a subsequent paper (Thseng 
and Hosokawa, 1972b). Similarly, the growth habit traits, 
HIKR and NIR, were highly correlated, indicating that in these 
populations, either trait could be used to assay growth habit. 
In my populations, there was a high genetic correlation between 
the growth development traits at maturity (HPM and NPM) and the 
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growth habit traits, indicating that indeterminate plants were 
tall and had many nodes at maturity. This suggests a poten­
tial difficulty of breeding for a determinate plant type with 
many nodes. 
HBB and HINR showed high genetic correlations (O.58 to 
1.02, values somewhat greater than the 0.45 reported by Thseng 
and Hosokawa, 1971)» indicating that indeterminate plants were 
tall when they flowered. The genotypic correlation between 
DV and HINR (0.46 to 0.80) indicated that indeterminate plants 
flowered later than did determinate ones, which supports the 
previous observation that indeterminate plants were taller at 
time of beginning bloom. The genotypic correlation between 
DV and HINR reported by Thseng and Hosokawa (I97I) was only 
0.19. 
The genotypic correlations of SWT with HBB, NBB, HPM, NPM, 
HINR, NIR and DV were moderately negative. Reported geno­
typic correlations between SWT and DV ranged from -O.56 
(Anand and Torrie, I963) to O.52 (Tang and Tai, 1962), and 
correlations between SWT and HPM ranged from -O.65 (Kwon and 
Torrie, 1964) to 0.42 (Weber and Moorthy, 1952). 
My genotypic correlations of SWT with DPM were negligible. 
Reported correlations ranged from -0.40 (Anand and Torrie, 
1963; and Tang and Tai, 1962) to O.38 (Johnson et al., 1955b). 
The only appreciable positive correlation involving SWT was 
with RPR, for which published reports varied from -O.32 (Kwon 
and Torrie, 1964) to 0.44 (Weber and Moorthy, 1952). The 
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season-to-season and cross-to-cross inconsistencies for the 
genotypic correlations of length of reproductive period with 
the other nine traits and the magnitude of the difference 
"between the genotypic and phenotypic correlations suggest 
that the length of reproductive period is not reliable as an 
indicator for any trait other than seed weight. The genetic 
association between length of reproductive period and seed 
weight is consistent with the theory that soybean seeds de­
velop at a relatively constant rate; i.e., the longer the 
development period, the larger the seed. 
It is not known whether the genotypic correlations ob­
served herein resulted from gene linkage or pleiotropy. 
If gene linkages were responsible, the breeder may be able to 
select recombinants by screening large populations of segre­
gates. On the other hand, if the cause was pleiotropy, selec­
tion may be exther facilitated or hindered, depending on the 
sign of the correlation of traits in question. 
The correlations for Fg plants were generally in agree­
ment with the genotypic correlations from the or F^ ^^  gen­
erations, although lower in magnitude. The correlations 
between HBB with HPM and NBB with NPM were high enough to 
suggest that selection for mature plant height and node number 
could be accomplished at beginning bloom, if necessary. 
Height and node number at beginning bloom, however, were not 
indicative of the degree of growth habit in the Fg populations. 
If the data presented here are representative of segregat­
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ing soybean populations, selection for compatible combinations 
such as tall, late-maturing, indeterminate plants with small 
seeds should not present difficulty. However, selection for 
such combinations as tall and early, short and many nodes, or 
large seed and indeterminacy would be difficult. 
Genotypic correlations equal to or slightly greater than 
unity occurred in four instances. This may occur because cor­
relations are estimates and not true values. They may occur 
as a result of low genetic variance of the traits in question 
and/or errors in estimation. 
The utility of genotypic correlations is based on their 
consistency from population to population and their repeat­
ability from season to season. It should be emphasized that 
the correlations observed in this study apply only to the 
specific populations analyzed and the locations used. The 
interrelationships might be quite different in other material 
in which different gene associations exist in the parental 
lines of the segregating populations or under different environ­
mental conditions. Temperate-grown soybeans often are affected 
by photoperiodic sensitivity during the season and by cool 
temperatures and occasional frosts early and late in the 
season. Certainly, these environmental factors will affect 
the sensitive soybean plant and may be a factor in greatly 
different trait correlations. 
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GENERAL DISCUSSION 
Genetic investigations relative to breeding behavior of 
quantitatively inherited traits in soybeans grown under 
tropical conditions are limited. This study adds new informa­
tion relative to the inheritance, heritability and association 
of some physiological and morphological traits which may be of 
importance to breeders of tropical soybeans. 
"Tropical" is used herein to refer to the area of the 
world between the tropics of Cancer and Capricorn. Within this 
area, environmental variability is considerable. For example, 
the effective daylength maximum variation is nearly 2^  hours 
between 0® and 20° latitude (Hinson, 1974). However, of equal 
or greater importance is the consideration of soil moisture. 
Length of seasons with adequate soil moisture may vary from 
60-75 days to more than six months. It is highly improbable 
that a single soybean variety will be well adapted for all 
conditions and cropping needs throughout the tropics. 
Temperate zone soybean varieties produce well in some 
tropical locations (Whigham, 1974). However, under the warm, 
short photoperiod conditions characteristic of much of the 
tropical zone, varieties introduced from the temperate zones 
are typically short and early maturing (Table 1). Several re­
searchers (Nagata, I967; Leakey and Rubaihayo, 1970; Brim, 
1974; and Camacho, 1974) have stated that later flowering, 
taller, indeterminate varieties with more vegetative growth 
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would be desirable for tropical areas. It is evident from 
the screening of temperate adapted varieties in various 
tropical locations that the genetic potential for such traits 
as delayed flowering may not be present in temperate adapted 
varieties. A source for these genes may be the subtropical 
and tropical Glycine germplasm. 
Single crosses of temperate varieties with tropical wild 
Glycine accessions have resulted in progenies which are 
agronomically unsuitable because of such undesirable charac­
teristics as viny, prostrate growth and shattering of seed 
pods (Karasawa, 1936). However, development of adapted, pro­
ductive tropical soybean varieties probably will entail com­
bining traits from temperate adapted varieties and tropical 
Glycine germplasm. Certainly, the successful introgression 
of the desirable traits from tropical Glycine species will in­
volve substantial mating and intermating of plants selected 
from improved populations to combine the desirable traits of 
the temperate and tropical types. Random mating and mild se­
lection for agronomically desirable traits such as date of 
beginning bloom, date of maturity, length of main stem, degree 
of growth habit, number of nodes, as well as traits not included 
in this study such as resistance to diseases, insects, lodging 
and pod shattering, will characterize the first cycles of in­
termating in heterozygous populations produced by crosses of 
very divergent parents. Selecting for yield in early genera­
tions of soybeans has been recognized by soybean breeders to be 
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extremely difficult. Yield tests of early genetic material 
indicated success was no better when Pg plants were selected 
on the basis of yield than from random selection (Kalton, 
1948; Weber and Moorthy, 1952). 
My results from the variance analyses indicated there was 
ample variability for selection in all traits in both crosses. 
The results of the covariance analyses indicated that gene 
action in quantitatively inherited traits was primarily addi­
tive. This suggests that one or more cycles of intermating 
(with selection) should result in genetic improvement of soy­
bean populations such as the two studied. 
The magnitudes of the realized heritabilities from selec­
tion in the Fg indicate that selection for DV, HPM, HINR and 
SWT could be practiced with moderate success in the of the 
two populations studied. Selection for HBB, NBB, DPM, NPM and 
NIR on the basis of progeny means resulted in moderately 
high heritabilities. Heritabilities for all traits except 
RPR were comparable to those published previously. The low 
regression and realized heritabilities and the reversal of the 
asymmetries of heritabilities for RPR and DPM from one season 
to the next suggest that there was a genotype by season inter­
action. Although changes in photoperiod were not great, soy­
beans grown one season of the year would be grown under 
shortening photoperiods, whereas those planted during the 
other season would be grown under lengthening photoperiods. 
Hinson (1974) has stated that soybeans which enter seed filling 
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during the lengthening photoperiods generally display delayed 
and abnormal maturity. The immediate solution to the problem 
of different conditions in successive seasons may be the use 
of one variety or group of varieties during one season and a 
different variety or group of varieties during the other sea­
son until stability can be incorporated in the varieties. 
Photoperiodic insensitivity has been reported (Koo, 197^ ; 
Nissly et al., 1975); however, its effect on field production 
is not yet known. 
With moderately high heritability in the Fg, selection 
and recombination of selected genotypes may be initiated 
immediately. For traits evaluated early in the growth cycle, 
such as DV, selection and recombination may be accomplished 
in the same generation. 
The correlation analyses indicated that the traits for 
late flowerings indeterminacy, many nodes, and tallness are 
interrelated, as high genetic correlations were found among 
these traits. Some concern may be expressed about the nega­
tive genotypic correlations between the growth and development 
traits and seed weight. However, large-seeded genotypes 
may be undesirable under tropical conditions. Small seeds 
usually maintain better quality during the maturation process, 
deteriorate less if harvesting is delayed, and are damaged 
less during threshing and handling (Hinson, 1974). Small-
seeded varieties produce better stands at lower seeding rates 
because there are more seeds per pound. Small seeds have been 
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positively associated with seed quality, and seed quality may 
be the factor that determines whether or not soybeans become 
an established crop in the Tropics (Hinson, 1974). 
Throughout the analyses it was noteworthy that the be­
havior of the interspecific and intraspecific crosses was 
quite similar. One difference observed was a statistically 
significant contribution of dominance to the fit of the addi­
tive model for five traits in the intraspecific cross only. 
Another difference was observed in the relative magnitudes of 
within and among Fg lines components of variance. The within 
Fg line component of trait variance was relatively larger 
for the interspecific cross compared to the intraspecific one, 
indicating that the parents of the interspecific cross 
probably had fewer genes in common. 
Exploitation of existing variability may be accomplished 
in two general ways, release of variabilities through inter­
crossing to break up linkage blocks and infusion of new 
sources of variability through plant introductions. Hanson 
et al. (1967) advocated the former approach. In this disser­
tation I have presented and discussed the results of experi­
ments that are relevant to the latter concept. The best ap­
proach may be to use both methods together, especially if 
repulsion phase linkages predominate in the widely divergent 
crosses that may be made in the quest of adapted, productive 
varieties for tropical environments. 
I want to emphasize that my study represents a preliminary 
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evaluation of ten morphological and physiological traits, which 
did not include yield. % objective was to determine the po­
tential for and degree of success to be expected from selec­
tion for several traits that possibly could be used in soybean 
improvement programs in tropical locations. Certainly, further 
research is needed to establish the relationships that exist 
between these traits and yielding ability. 
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SUMMARY 
The ?£» F^ , and generations of an inter- and intra-
specific cross were tested for ten physiological and morpho­
logical traits at a tropical location. Data from these tests 
were used to evaluate inheritance and heritatility of and 
correlations among these traits. 
Transgressive segregation occurred for all traits except 
days vegetative, length of reproductive period and seed weight 
in the F^  and of the intraspecific cross. Because of the 
poor germination of one parent, parent-progeny analyses could 
not be made for the interspecific cross. 
Analyses of variance showed highly significant variation 
among lines for all traits in the F^  and of both crosses. 
The components of variance among Fg-derived lines were greater 
than those within Fg-derived lines for all traits in the intra­
specific cross and for all traits except days vegetative and 
days to physiological maturity in the interspecific cross. 
For the latter two traits, the two components were of similar 
magnitude. 
Genotypie variances and covariances were used to estimate 
types of gene action controlling the expression of the ten 
traits. Additive genetic variance was the primary component 
of genotypic variance for each trait in both soybean crosses. 
The inclusion of dominance in the model provided a statis­
tically significant improvement in the fit of the data to the 
103 
model for five traits in the intraspecific cross and for none 
of the traits in the interspecific cross. In neither cross 
did additive by additive epistasis provide a statistically 
significant improvement in the fit. 
Heritabilities for ten traits were estimated by three 
methods. Comparisons of the estimates from components of 
variance and regression of offspring on parents showed: 
(a) components of variance heritabilities generally were larger 
in than F^ , (b) average components of variance estimates 
for the ten traits were slightly higher than comparable aver­
ages from standardized regression, (c) heritabilities estimated 
from regression permitted more differentiation among traits 
than those estimated from components of variance, and (d) con­
siderable changes of phenotypic scales occurred between sea­
sons (particularly from Fg single plant data to F^  line means) 
causing standardized and nonstandardized regression estimates 
to differ for most traits. The realized heritability method 
allowed a comparison of magnitudes of heritabilities associated 
with selection in different directions at two selection inten­
sities. My results indicated that, although for specific 
traits there may have been differences due to selection in­
tensity, there were no consistent differences over generations 
or crosses, and, on the average, selection intensity did not 
affect the magnitudes of the realized heritability estimates. 
A comparison of upward and downward selection indicated con­
siderable asymmetry of response from selection. Of the ten 
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traits I measured, the growth traits (height at beginning 
bloom, nodes at beginning bloom, nodes at physiological maturi­
ty, height increase after beginning bloom, and node increase 
after beginning bloom) showed that downward usually resulted 
in larger heritability values than upward selection. When the 
traits were ordered according to magnitudes of heritabilities, 
seed weight and height at physiological maturity were consis­
tently placed at or near the top of the ranking in both 
crosses. Nodes at beginning bloom and length of reproductive 
period in Cross I and length of reproductive period in Cross 
II consistently were ranked low. 
Genotypic and phenotypic correlations were similar in 
sign and magnitude in the and for the two crosses and 
were of a higher magnitude than simple correlations in Fg. 
Generally, genotypic were higher than phenotypic correlations. 
For the F^  and F^  of "both crosses, high genotypic correlations 
were observed between the stage of development traits (days 
vegetative and days to physiological maturity; r^  = 0.65 to 
0.86), among the growth development traits (height at beginning 
bloom, nodes at beginning bloom, height at physiological 
maturity, and nodes at physiological maturity; r^  = 0.^ 5 to 
1.00), and between the growth habit traits (height increase 
after beginning bloom and node increase after beginning bloom; 
rg = 0.86 to 0.93). Negative genotypic correlations were ob­
served between seed weight and all other traits except days to 
physiological maturity and length of reproductive period. 
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Genotypic correlations between seed weight and days to 
physiological maturity were negligible, but those between 
seed weight and length of reproductive period were moderately 
positive. 
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Figure 2. Daily rainfall, Palmira, Colombia, 1971 and 1972 
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Table 30. Observed and estimated values of six covariances for ten traits in two 
crosses of soybeans 
Cross 
Hardee x PI 227687 Hill X PI 245331 
Sample 
Estimated value 
Sample 
Estimated value 
Covariance Y 1^ :^ 2 
/N 
^3 
Y 
•V" 
%1 %2 ?3 
Days vegetative (DV) 
Gov(2;2.3) 
Cov(2{2,4) 
COV(2J3,4) 
C^ v42i3,3) 
Gov(2}4,4) 
Gov(3;4,4)-
Gov(2}4,4) 
4.14 
5.88 
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1.94 
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3.51 
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3.49 
4.62 
5.16 
4.62 
5.47 
2.46 
22.20 
15.77 
21.31 
14.23 
10.04 
10.48 
16.91 
16.91 
16.91 
16.91 
16.91 
8.46 
21.81 
17.12 
14.87 
17.12 
13.55 
8.65 
21.58 
16.93 
14.70 
16.93 
13.40 
10.48 
RZ 0.90 . 0.92 0.92 0.93 0.96 0.96 
Height at beginning bloom (HBB) 
Gov(2;2,3) 
Cov(2}2,4) 
COV(2;3,4) 
Cov(2;3,3) 
COV(2|4,4) 
Cov(3;4,4)-
Cov(2;4,4) 
35.86 
29.41 
35.49 
32.65 
32.62 
13.31 
32.89 
32.89 
32.89 
32.89 
32.89 
16.49 
33.97 
32.94 
32.44 
32.94 
32.15 
16.49 
34.37 
33.26 
32.72 
33.26 
32.41 
13.31 
39.49 
43.60 
158.98 
91.45 
113.82 
31.29 
88.19 
88.19 
88.19 
88.19 
88.19 
44.09 
28.74 
85.69 
113.03 
85.69 
128.97 
41.71 
30.05 
86.75 
113.96 
86.75 
129.83 
31.29 
RZ 0.99 O..99 1.00 0.80 0.91 0.92 
Table 30. (Continued) 
Cross 
Hardee x PI 22768? Hill X PI 245331 
Sample 
G O V .  Estimated value 
Sample 
G O V .  Estimated value 
Covariance Y 
A. 
Yl 
/\ 
2^ ?3 Y 
A 
1^ 
A 
?2 h 
Nodes at beginning bloom (NBB) 
Cov(2;2,3) 
Cov(2;2,4) 
Cov(2;3,4) 
Cov(2;3,3) 
Cov(2;4,4) 
Cov(3;4,4)-
Cov(2;4,4) 
0.31 
0.22 
0.30 
0.16 
0.46 
0.02 
0.28 
0.28 
0.28 
0.28 
0.28 
0.14 
0.21 
0.28 
0.31 
0.28 
0.33 
0.14 
0.22 
0.29 
0.32 
0.29 
0.36 
0.02 
2.88 
2.58 
1.90 
1.52 
1.51 
1.11 
2.08 
2.08 
2.08 
2. 08 
2. 08 
1.04 
2.85 
2.12 
1.76 
2.12 
1.56 
1.07 
2.85 
2.11 
1.76 
2.11 
1.55 
1.11 
0.86 0.91 0.91 0.94 0.98 0.98 
Days to physiological maturity (DPM) 
Cov(2;2,3) 
Cov(2;2,4) 
Cov(2;3,4) 
Cov(2;3,3) 
Cov(2;4,4) 
COV(3;4,4)-
Gov(2;4,4) 
5.69 
3.37 
3.32 
7.32 
2.85 
0.58 
4.35 
4.35 
4.35 
4.35 
4.35 
2.18 
6.06 
4.42 
3.64 
4.42 
3.18 
2.24 
6.27 
4.59 
3.79 
4.59 
3.32 
0.58 
13.71 
17.03 
9.67 
6.83 
12.38 
10.97 
12.40 
12.40 
12.40 
12.40 
12.40 
6.20 
13.99 
12.47 
11.74 
12.47 
11.31 
6.26 
13.39 
11.99 
11.32 
11.99 
10.92 
10.97 
0.85 0.89 0.92 0.91 0.91 0.94 
Table 30. (Continued) 
Cross 
Hardee x PI 22768? Hill X  PI 245331 
Sample 
Estimated value 
Sample 
G O V .  Estimated value 
Govariance Y 
A A 
2^ 
A 
3^ Y 
A 
1^ 
CM 
/N 
Height at Physiological maturity (HPM) 
Gov(2;2.3) 
GOV(2;2,4) 
GOV(2;3,4) 
GOV(2;3,3). 
Gov(2;4,4) 
COV(3}4,4)-
Gov(2;4,4) 
141.02 
190.41 
325. 57 
163.96 
391.58 
137.82 
244.09 
244.09 
244.09 
244.09 
244.09 
122.04 
96.68 
237.90 
305.68 
237.90 
345.23 
116.13 
93.95 
235.70 
303.74 
235.70 
343.43 
137.82 
488.15 
446.24 
764.49 
469.78 
530.44 
335.47 
546.06 
546.06 
546.06 
546.06 
546.06 
273.03 
459.21 
542.42 
582.36 
542.42 
605.66 
269.55 
450.93 
535.75 
576.46 
535.75 
600.21 
335.47 
0.87 0.96* 0.97 0.96 0.96 0.97 
Nodes at physiological maturity (KPM) 
Gov(2;2,3) 
Gov(2;2,4) 
GOV(2J3.4) 
Gov(2;3,3) 
Gov(2;4,4) 
GOV(3;4,4)-
Gov(2;4,4) 
2.25 
3.12 
4.89 
2.59 
5.48 
1.32 
3.62 
3.62 
3.62 
3.62 
3. 62 
1.81 
1.64 
3.53 
4.97 
1.73 
1.69 
3.58 
4.48 
3.56 
5.00 
1.32 
9.06 
9.57 
11.16 
7.17 
7.90 
4.03 
8.93 
8.93 
8.93 
8.93 
8.93 
4.46 
8.83 
8.92 
8.97 
8.92 
8.99 
4.46 
8.89 
8.97 
9.01 
8.97 
9.03 
4.03 
0.89 0.97* 0.98 0.98 0.98 0.98 
D^enotes significant (P<0.05) contribution to model, following Draper and Smith 
(1966). 
Table 30. (Continued) 
Gross 
Covariance 
Cov(2;2,3) 
Cov(2;2,4) 
Cov(2;3,4) 
COV(2;3,3) 
Cov(2;4,4) 
Cov(3;4,4)-
Cov(2;4,4) 
Sample 
G O V .  
Hardee x PI 22768? 
2.35 
1.54 
2.76 
3.57 
3.80 
1.21 
Estimated value 
Yn YI  ^  
Sample 
G O V .  
1 
2.79 2.09 2.11 
2.79 2.76 2.77 
2.79 3.08 3.09 
2.79 2.76 2.77 
2.79 3.26 3.28 
1.39 1.36 1.21 
0.92 0.94 0.94 
Hill X  PI 245331 
Reproductive period (RPR) 
4.58 
5.15 
2.67 
4.82 
4.11 
2.11 
Estimated value 
A A A 
?1 %2 3^ 
4.26 4.96 4.97 
4.26 4.29 4.30 
4.26 3.97 3.98 
4.26 4.29 4.30 
4.26 3.79 3.79 
2.13 2.16 2.11 
0.96 0 . 9 7  0.97 
Node increase after flowering (NIR) 
Cov(2;2,3) 1.54 
Cov(2;2,4) 2.08 
Cov(2;3,4) 3.41 
Cov(2;3,3) 1.79 
Gov(2;4,4) 3.91 
COV(3J4,4)-
Gov(2;4,4) 0.72 
RZ 
2.49 1.05 1.11 
2.49 2.43 2.48 
2.49 3.09 3.14 
2.49 2.43 2.48 
2.49 3.48 3.52 
1.25 1.19 0.72 
0.87 0.97* 0.97 
2.05 2.98 1.65 
2.55 2.98 2.92 
4.61 2.98 3.53 
2.14 2.98 2.92 
3.72 2.98 3.88 
1.10 1.49 1.43 
0.90 0.96 
1.69 
2.95 
3.56 
2.96 
3.91 
1.10 
0.96 
Table 30. (Continued) 
Gross 
Hardee x PI 227687 Hill X  PI 249331 
Sample 
Estimated value 
Sample 
G O V .  Estimated value 
Govariance Y 
A A 
2^ 
A 
3^ Y 
A 
%1 
A 
%2 
A 
3^ 
Height increase after flowering (HINR) 
Gov(2;2,3) 
GOV(2;2,4) 
GOV(2;3,4) 
GOV(2J3,3) 
Gov(2;4,4) 
GOV(3;4,4)-
Cov(2;4,4) 
45.26 
70.43 
182.41 
73.96 
241.93 
76.16 
124.20 
124.20 
124.20 
124.20 
124.20 
62.10 
10.40 
119.43 
171.76 
119.43 
202.29 
57.53 
8.05 
117.54 
170.10 
117.54 
200.75 
76.16 
238.68 
188.68 
251.71 
151.34 
191.05 
104.95 
204.56 
204.56 
204.56 
204.56 
204.56 
102.28 
217.22 
205.09 
199.27 
205.09 
195.87 
102.79 
216.95 
204.87 
199.08 
204.87 
195.70 
104.95 
0.74 0.93* 0.93 0.97 0.97 0.97 
Seed weight (SWT) 
Gov(2j2.3) 
GOV(2;2,4) 
GOV(2{3,4) 
GOV(2;3,3) 
GOV(2;4,4) 
GOV(3;4,4)-
Gov(2;4,4) 
2.12 
2.69 
3.21 
2.21 
3.46 
1.33 
2.73 
2.73 
2.73 
2.73 
2.73 
1.37 
1.92 
2.70 
3.07 
2.70 
3.29 
1.33 
1.93 
2.70 
3.07 
2.70 
3.29 
1.33 
1.04 
0.83 
1.02 
0.83 
0.47 
0.35 
0.83 
0.83 
0.83 
0.83 
0.83 
0.42 
1.05 
0.84 
0.74 
0.84 
0.68 
0.42 
1.07 
0.85 
0.74 
0.85 
0.68 
0.35 
R2 0.97 0.99* 0.99 0.94 0.97 0.97 
